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PREFATORY    NOTE. 


The  present  publication  forms  one  of  a  series  of  general  re- 
ports dealing  systematically  with  the  geology  and  mineral  resources 
of  the  gold  and  mineral  fields  of  Western  Australia.  Separate 
descriptive  reports  on  more  or  less  isolated  individual  centres  have 
appeared  at  intervals,  and  it  was  realised  that  the  time  has  arrived 
when  it  became  possible  to  undertake  the  preparation  of  reports, 
combining  the  general  results  of  the  departmental  work,  and  pre- 
senting a  systematic  compendious  account  of  the  geological  features 
and  mineral  and  allied  resources  of  each  of  the  fields  of  the  State. 
Reports  of  this  nature  will  appear  from  time  to  time  as  the  requisite 
investigations  are  completed,  but  not  necessarily  in  geographical 
sequence.  The  goldfields  of  the  State,  as  legally  defined  by  the 
authorities,  bear  no  relation  to  the  geological  boundaries,  and  are 
not  all  of  the  same  area,  nor  do  they  all  contain  mining  centres  of 
equal  importance,  so  that  it  will  be  found  that  the  series  of  areal 
reports  of  necessity  differ  very  materiallj'^  in  size. 

In  the  preparation  of  such  areal  reports  an  attempt  has  been 
made  to  meet  the  special  requirements  of  the  mining  community. 
It  has  already  been  pointed  out  that  few  mines  on  any  mineral  field 
present  data  sufficient  to  enable  an  accurate  mental  picture  of  the 
real  nature  of  an  ore  deposit  to  be  obtained,  for  such  can  only  be 
arrived  at  by  careful  and  systematic  investigation  into  the  geological 
structure  and  stratigraphy  of  wide  stretelies  of  country,  where  all 
the  mineral  deposits  are  perhaps  genetically  connected  and  capabl? 
of  throwing  light  one  upon  another.  Work  of  this  special  nature 
comprises,  inter  alia,  the  accurate  mapping  of  the  different  geologi- 
cal formations,  a  correct  understanding  of  the  geological  structure, 
the  accumulation  of  information  relating  to  the  occurrence  of  the 
ore  deposits,  and  their  mode  of  formation.  In  the  search  for  new 
deposits,  and  in  defining  the  limits  of  those  already  known,  the 
geologist  has,  to  a  large  extent,  to  be  guided  by  an  understanding 
of  the  methods  by  which  particular  ore  bodies  have  been  formed, 
for  it  is  only  with  this  knowledge  that  the  peculiarities  of  their  dis- 
tribution and  the  possibility  or  otherwise  of  their  continuity  can  be 
forecasted. 

These  areal  reports,  when  completed  will,  it  is  hoped,  give  both 
to  the  geologist,  tlie  mining  engineer,  the  prospector,  and  others  in- 
terested in  the  exploitation  of  the  mineral  resources  of  the  State, 
along  legitimate  lines  a  comjjrehensive  view  of  those  salient  geo- 
logical features  w^hich  have  anj'  bearing  upon  economic  questions. 
This  bulletin  marks  the  third  of  the  series  relating  to  the  Yil- 
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gam  Goldfieldy  and  completes  the  general  description  of  that  area. 
It  includes  an  account  of  the  country  to  the  north  of  the  Eastern 
Railway  and  emhracea  the  whole  of  the  northern  portion  of  the 
Yilgam  Goldfield,  as  legally  defined  by  the  authorities;  brief  refer- 
ence is  also  made  to  the  extension  of  the  Yilgam  gold  belt  lying  to 
the  south  of  Mount  Holland  and  extending  to  the  Phillips  River 
Goldfield. 

The  area  dealt  with  in  this  bulletin  comprises  about  one  hun- 
dred and  sixty  miles  in  length  and  ninety  in  width;  it  includes  the 
principal  mining  centres  of  Corinthia,  Bullfinch,  Golden  Valley,  Mt. 
Jackson,  Marda,  and  Westonia,  together  with  the  Koolyanobbing 
and  Forrestania  centres. 

The  field  work  in  connection  with  this  portion  of  the  goldfield 
was  carried  out,  with  several  unavoidable  interruptions,  by  Messrs. 
Blatchford  and  Honman  during  the  years  1914,  1915,  and  1916. 
The  area  surveyed  in  such  detail  as  circumstances  warranted 
amounts  to  about  14,400  square  miles.  The  country  embraced  by 
the  suney  falls  within  sheets  24  and  35  of  the  300-chain  series, 
[•'sued  by  the  Department  of  Lands  and  Sun-eys.  The  field  work 
having  been  completed  in  August,  1916,  it  follows  that  mining  de- 
velopments since  the  officers  left  the  field  are  not  available  for 
description. 

Tl»e  chief  interest  in  the  Yilgarn  Goldfield  centres  in  the  aurif- 
erous deposits,  which  form  three  belts,  trending  generally  north- 
west, rather  than  the  more  general  problems  of  geology  of  which  it 
however  presents  very  many  calling  for  much  detailed  research. 

It  seemed  that  legitimate  assistance  to  private  enterprise  could 
he  rendered  in  the  direction  of  mapping  and  otherwise  investigating 
the  gold-bearing  formations  in  the  liope  of  furnishing  a  more  or  less 
reliable  wcirking  guide  for  the  use  of  the  prospector  and  the  mining 
enuineer  on  the  ground.  The  large  scale,  40  chains  per  inch  geo- 
logical maps,  of  which  there  are  now  seven  continuous  sheets  (viz., 
Bull.  49,  Plate  IX.;  Bull.  63,  Plates  II.,  III.,  IV.;  and  Bull.  71, 
Plates  VI.,  VII.,  and  VIII.)  i)resent  in  the  most  convenient  form 
the  salient  geological  features  adjoining  the  auriferous  ore  bodies  of 
the  whole  of  the  Yilgarn  Gold  Belt.  From  these  it  will  be  seen  that 
the  Gold  Belt  is  in  reality  a  linear  system  of  interrupted  and  over- 
lapping veins,  arranged  more  or  less  en  echelon. 

The  Yilgam  field,  as  one  of  the  important  gold  fields  areas,  com- 
prises in  its  geology  and  mineral  resources  much  that  is  typical  of 
the  entire  Interior  Plateau,  and  exhibits  considerable  diversity  in 
geological  constitution. 

The  gold-bearing  belts  may  be  designated,  for  convenience  of 
description : — 

(a.)  The  Yilgam  Gold  Belt:  this,  which  has  a  length  of  over 
ODC  hundred  miles,  enters  the  goldfield  on  the  southern  boundary  of 
the  field,  near  Mount  Ironcap,  and  passes  through  Mount  Holland, 
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Cheriton's,  Parker^s  Ran.2:e,  Manuel  Loch,  Southern   Cross,   Corin- 
thian, Bullfinch,  Golden  Valley,  and  terminates  near  Ennuin. 

(b.)  The  Mount  Jackson  and  Bungalbin  Belt  is  the  most 
northerly  of  the  gold-bearing  areas,  and  has  a  longitudinal  extent 
of  a  little  over  thirty  miles  and  a  general  trend  of  north-west  and 
south-east ;    and 

(c.)  The  Westonia  Belt,  which  is  an  isolated  area,  lying  about 
35  miles  to  the  west  of  the  main  or  Yilgarn  Gold  Belt.  It  includes 
Boodalin,  and  its  length  so  far  as  is  know^n  does  not  exceed  twenty 
three  miles,  whilst  its  width  is  about  five  miles. 

The  figures  giving  tlie  mineral  production  have  been  compiled 
from  the  data  furnished  by  the  statistical  branch  of  the  Mines  De- 
[>artment;  these  which  give  the  production  of  the  various  minin«? 
centres  included  within  the  confines  of  the  field,  show  that  up  to  the 
end  of  1916  the  Yilgarn  Goldfield  has  returned  756,481.84  fine  ozs. 
of  gold  obtained  from  the  milling  of  1,652,337.97  tons  of  ore. 


Table  showing  the  Total  Yield  of  the  various  Mining  Centres  of  the 

Yilgarn  Goldfield  up  to  December,  1916. 


Ore  Criishod. 

Gold 
therefrom. 

Silver. 

Lon<4  Tons. 

Fine  Ozs. 

Fine  Ozs. 

Wackboui  no 

1,282-50 

341 ■ 37 

•   • 

Biil!Iiiv:5li 

248,781  •  50 

117.70S  03 

16.442  4V. 

("orinthian    . . 

134,5^1-50 

29,167-15 

•  • 

Knnuin         . . 

235-00 

421-02 

m     • 

Golden  Valley 

7,235-00 

7,440- 14 

2-00 

Gro^nmouat 

109,355-50 

27,400-70 

944-50 

Hopb'5:  Hill 

131,489-55 

35,486-05 

1  •  00 

Kenny  ville 

23,445-35 

12,636-99 

•09 

KooJyanobbm<4 

303-00 

127-08 

■   • 

M}«rv(:i  Louli 

303,460-25 

00,115-33 

771  03 

Blount  Jarkaon 

38,181-78 

28,33^-50 

2,305  28 

Mount.  Ronkin 

666-00 

176-55 

. . 

Parker's  Range 

28,001  •  75 

14,227-89 

. . 

Southern  Cross 

434,052-30 

21 1,724- OS 

364-11 

Weston's 

190,171-50 

138,210-07 

19-58 

Goldfield     generally,   n.e.i. 

126-28 

33,823-29 

36-54 

Total     . . 

1,652,337-97 

756,481-84 

20,886-88 

It  is  i^robable  that  these  figures  do  not  accurately  represent  the 
yield  of  the  Yilsrarn  field,  for  in  the  earlv  davs  of  minins:  in  West- 
ern  Australia,  a  great  deal  of  the  gold  won  was  probably  never 
oflieially  reported  to  the  Department  of  Mines,  and  deemed  worthy 
of  no  better  record  than  the  ephemeral  currency  of  the  newspaper. 
No  silver  has  been  mined  in  the  Yilgarn  field,  its  occurrence  being 
incidental  to  the  output  of  gold.  The  total  amount  of  silver  pro- 
duced, up  to  the  end  of  1916  is  only  20,886.86  fine  ozs.;     it  occurs, 
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however,  at  nearly  every  mining  centre,  tliough  in  many  cases  the 
amount  is  so  small  as  to  be  almost  negligible. 

Full  descriptions^  illustrated  in  many  cases  by  plans  and  sec- 
tions, are  given  of  the  mines  in  active  operation,  or  otherwise  acces- 
sible, as  ooeurred  in  the  area  embraced  by  the  field  work  of  Messrs. 
BLitehforcI  and  II  on  man. 

The  geological  plans  and  sections  of  the  unilerground  workings, 
which  accompany  the  report,  have  been  based  on  the  plans  which 
the  various  mine  owners  lodge  with  the  Department  of  Alines  in 
eumplianee  with  the  Mines  Regulation  Act. 

A  high  grade  deposit  of  iron  ore  occurs  in  the  Koolyanobbing 
Range,  near  Lake  Seabrook,  associated  with  the  ferruginous  quartz- 
ites  ( Jaspilite)  which  forms  the  backbone  of  the  range.  The  ore 
wliii'h  consists  of  a  lens  of  micaceous  hematite  proves  to  be  some  of 
the  purest  yet  found  in  the  State. 


Government  Geologist. 


Geological  Survey  Office,  Perth, 
1st  Sci^tember,  1917. 
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I. — INTRODUCTION. 

BuUetins  Xos.  17,  49,  and  63,*  already  issued,  have  dealt  with 
the  ?ei;lo?y  of  the  portion  of  the  Yilgarn  Goldfield  lying  to  the 
J^outh  of  the  Great  Ea^t^rn  Railway  and  a  small  area  extending 
from  Southern  Cross  township  northwards  to  Hope's  Hill. 

The  following  pages  are  confined  to  a  description  of  that  por- 
tion of  the  Yikarn  Goldfield  extending  from  the  railway  line  to  the 
northern  boundary,  with  a  brief  reference  to  the  country  extending 
I  ast  the  southern  boundary-  into  the  Phillips  River  Goldfield,  which 
is  really  a  continuation  of  the  southern  portion  of  the  auriferous 
Yilgarn  belt. 

Owing  to  the  extensive  area  to  be  examined  the  mapping  was 
divided  into  two  sections  with  the  intention,  if  possible,  of  writing 
the  final  report  conjointly  after  a  general  inspection  of  the  whole 
area  undtr  review. 

The  northern  section  embracing  the  country  from  Trough  Well 
to  the  northern  boundary  and  including  the  Koolyanobbing  belt 
^as,  however,  done  exclusively  by  my  colleague,  C.  S.  Honman, 
*bose  completed  and  independent  report  is  included  in  the  follow- 
inir  paees,  for  owing  to  the  exigencies  of  the  office  work  the  original 
idea  of  a  conjoint  report  had  to  be  abandoned. 

The  balance  of  the  field  work  was  done  exclusively  by  the  pre- 
J-ent  writer. 

Camp  was  first  pitched  in  May,  1014,  and  tlie  w^hole  of  the 
t:t'Id  work  was  practically  ready  for  writing  up  in  July,  1015,  when 
orders  were  received  to  inspect  a  reported  gold  find  100  miles  south 
'>t  Southern  Cross.  Subsequently,  further  orders  were  received  to 
become  attached  to  ^fr.  Mclntyre's  prospecting  party  as  consulting 
geologist. 

In  Vay,  191 G,  owing  to  the  length  of  time  inten-ening,  it  was 
necessary  to  re-inspect  the  whole  of  the  mining  operations.  Tho 
field  work  was  eventually  completed  in  August,  1916. 

For  the  mapping  of  the  general  geological  features  a  scale  of 
300  chains  to  one  inch  has  been  used.  Along  the  auriferous  belt, 
iiowever,  where  more  accuracy  was  warranted,  20  chains  to  one 
inch  was  the  scale  used,  while  for  underground  mining  work  scales 
of  .30,  40,  or  60  feet  to  one  inch  were  adopted. 

The  present  Bulletin  completes  the  survey  of  the  Yilgarn  Gold- 
field,  and  should  be  read  in  conjunction  with  Bulletins  17,  49,  and 
63,  which  are  detailed  descriptions  of  the  southern  areas. 


'Bulletin  No.  17,  by  C.  C.  Gibson.  Perth:  By  Authority,  1904.  Bulletin  No.  49, 
by  E.  C  Saint-Smith  and  R.  A.  FarqaharRon.  Perth:  By  Authority,  1913. 
BnUetin  No   63,  by  T.  Blatcliford.    Perth:   By  Authority,  1913. 
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IL— PREVIOUS   GEOLOGICAL  INVESTIGATIONS. 

The  following  is  a  list  of  departmental  reports  on  the  whole 
or  portions  of  the  Yil«arn  Goldfield: — 

(a)  Annual  Report  of  the  Government  Geologist,  1888-1889. 

(b)  Annual  Report  of  the  Government  Geologist,  1890. 

(e)  Report  of  the  Government  Geologist,  1892.    Parliamentary 
Papers  No.  12  of  1893. 

(d)  Report  on   Central   Goldfields.     Appendix,  Parliamentary 

Papers  No.  S,  1894. 

(e)  Report  on  the   Yilgarn   Goldfield.     Parliamentary  Papers 

No.  A4  of  1891.    By  H.  P.  Woodward,  Government  Geo- 
logist. 

(f)  Report  on  the  Interior  Gold  Region  of  Western  Australia. 

Bv  S.  Gopzel.    Perth :    Bv  Authority,  1894. 

(g)  Mining    Handbook    to    the  Colony  of  AVestern  Australia. 

By  H.  P.  Woodward,  Government  Geologist.    Perth:   By 
Authority.     Lst  Edition,  1894;  2nd  Edition,  1895. 

(h)  Report  on  the  Mines  of  the  Yilgarn  Goldfield.  By  A. 
^Montgomery,  M.A.,  F.G.S.,  State  Mining  Engineer. 
Perth:     By  Authority,  1908. 

(i)  Geology  and  Auriferous  Deposits  of  Southern  Cross,  Yil- 
garn Goldfield.  By  Chas.  G.  Gibson,  B.E.  Perth:  By 
Authority,  1J)04. 

(j)  A  general  description  of  the  Northern  portion  of  the  Yil- 
garn Goldfield  and  the  Southern  portion  of  the  North 
Coolgardie  Goldfield.  By  H.  P.  Woodward.  Perth:  By 
Authority,  1912. 

(k)  Geology  and  Mineral  Resources  of  the  Yilgarn  Goldfield, 
Part  I. — Southern  Cross.  By  E.  C.  Saint  Smith, 
A.S.T.C,  and  R.  A.  Farquharson,  M.A.  (Oxon.),  M.Sc, 
F.G.S.,  with  Chemical  Notes  by  E.  S.  Simpson,  B.E., 
B.Sc,  F.C.S.     Perth:    Bv  Authority,  1913. 

(1)  The  Geology  and  Mineral  Resources  of  the  Yilgarn  Gold- 
field,  Part  II.— The  Gold  belt  south  of  Southern  Cross. 
By  T.  Blatchford,  B.A.,  witli  Petrologieal  Notes  by 
R.  A.  Farquharson,  M.A.  (Oxon.),  M.Sc,  F.G.S.,  and 
Mineralo.irical  Contributions  by  E.  S.  Simpson,  B.E., 
B.Sc,  F.C.S.,  and  A.  J.  Robertson,  M.Sc  Perth:  By 
Authority,  1915. 

Of  tlie  foregoing,  Woodward  is  the  only  writer  who  has 
toucliod  on  tlie  general  geology  of  the  portion  of  the  field  under 
review,  the  other  reports  deal  with  the  southern  or  Southern  Cross 
areas  only,  or  are  descriptions  of  individual  mines. 
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III.— HISTORICAL. 

Records  show  that  the  portion  of  'Western  Australia  now 
known  as  the  Yilgarn*  Goldfield  was  traversed  as  early  as  tlie  year 
1S46,  when  A.  E.  and  R.  T.  Gregory  passed  through  Mount  Jack- 
son on  their  journey  to  Menzies. 

Two  years  after  this,  in  September,  1848,  Roe  reached  the 
Bremer  Range  immediately  to  the  south  of  the  Southern  boundary 
of  the  goidfield. 

B.  D.  Clarkson,  C.E.,  A.  Dempster,  and  C.  Harper  traversed 
the  Ya^rn  Hills  in  the  vear  1861. 

In  1864  Hunt  j^assed  over  portion  of  the  same  country  on  his 
way  to  Coolgardie. 

The  primary'  object  of  these  exploring  parties  w^as  not  so  much 
the  search  for  minerals  as  for  pastoral  areas  and,  hence,  we  do  not 
read  of  their  finding  any  gold  or  of  their  making  any  systematic 
search  for  the  same. 

The  Government,  in  1862,  to  stimulate  a  searching  for  gold 
and  base  metals,  offered  a  reward  of  £5,000  for  the  discovery  of  a 
payable  goidfield  within  a  radius  of  50  miles  from  Perth.  In  1869 
the  distance  was  extended  to  one  of  300  miles. 

The  first  real  impulse  to  prospect  for  gold  east  of  Perth  was 
given  by  the  discovery  of  a  small  speck  of  gold  found  in  1887  by 
a  Mr.  Glasss,  at  Mowjakine,  whilst  excavating  a  tank  near  his 
homestead. 

This  discovery,  though  insignificant  in  itself,  led  to  the  form- 
ing of  a  gold  prospecting  party  under  the  leadership  of  one 
Bernard  Colreavy. 

Colreavy's  first  expedition  met  with  little  success.  The  coun- 
try he  traversed  was  between  Newcastle  and  the  Wongan  Hills. 

However,  on  his  second  trip  he  set  out  towards  the  Yilgarn 
Hills. 

Whilst  he  was  in  the  field  on  this  second  trip  another  party, 
imder  the  leadership  of  Anstey,  rdiirncil  wilh  some  rich  specimens 
of  gold  in  quartz  found  at  Eenuin.  Shortly  afterwards  Colreavy 
returned  with  specimens  of  gold-bearing  quartz  from  Golden 
Valley. 

These  discoveries  caused  a  rush  of  prospectors,  and  one  party, 
knonn  as  the  Phoenix, f  whilst  travelling  south  from  Golden  Valley, 
loond  the  permanent  reefs  at  Southern  Cross,  afterwards  known 
as  Fraser's  Gold  Mines. 

Discoveries  soon  spread  north  and  south  of  Southern  Cross, 
in  fact,  Southern  Cross  became  a  busy  centre  from  which  pros- 

*  Tilfvn — Aborigine  for  quartz. 

t  TlM  FhflBiiix   pMty  oompitoed   Mewn.    T.    Riiiley,    Michael   Toomey,  and  Charles 
QtonlMid.    The  date  of  tbeir  original  discovery  was  January  2lBt  or  22nd,  1888. 
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pectors  went  farther  afield  to  meet  with  the  successes  they  deserved 
in  opening'  out  the  still  richer  fields  to  the  east.  The  rapidity  of 
these  discoveries  is  evidenced  by  the  dates  of  openino:  of  railways : 
Southern  Cross,  1st  July,  1894;    Kalgoorlie,  January,  1807, 

Unfortunately,  there  are  no  reliable  records  of  the  amounts 
of  Kold  won  in  individual  years  prior  to  1897. 

The  total  amount  recorded  from  the  Yilgarn  Goldfield  to  31st 
December,  1896,  is  174,325  tons  for  93,456  ounces.  With  the  ex- 
ception of  29,000  tons  from  Hope's  Hill  gold  mine,  1,500  tons 
from  Mount  Jackson,  and  166  tons  from  other  sources,  the  whole 
of  this  ore  came  from  Eraser's  reefs  at  Southern  Cross. 

The  following  table  shows  the  progression  and  retrogression 
of  the  yearly  outputs  from  the  year  1897  to  1915: — 


Output  of  Gold  for  the  Yilgarn  Goldfield  from  the  year  1897  to 

the  year  1916  (inclusive). 


Year. 

Ore  treated 
ill  long  tons. 

Gold  there- 
from in  ozs. 

Remarks. 

r 

Value 

per  oz. 

Prior  to— 

£ 

8.   d. 

1897 

174,925 

93,456 

1897 

35,988 

17,072 

1898 

27,807 

11,769 

1899 

.     1             33,403 

16,371 

1900 

54,403 

29,155 

1901 

.     1             25,529 

26,564 

3 

io    Of 

1902 

41,218 

23,115 

3 

13     3 

1903 

50,623 

23,403 

3 

8  lOj 

1904 

66,051 

25,461 

Fine 

gold. 

1905 

47,965 

19,284 

tt 

1906 

.     ,              64,763 

23,464 

ti 

1907 

50,833 

19,263 

tt 

1908 

.     1              54,047 

,             22,149 

,» 

1909 

44.337 

20,879 

»» 

1910 

34,114 

27,785 

»» 

1911 

18,897 

18,678 

t» 

1912 

73,199 

30,633 

,« 

1913 

154,495 

82,226 

tf 

1914 

211,453 

'             88,714 

>» 

1915 

205,331 

91,092 

»> 

1916 

181,949 

87,930 

«  • 

Total,  to  end  of  1916     . . 

1,652,340 

768,481» 

1 

■  • 

From  the  foregoing  figures    it    is    obvious    that    there    was    a 
gradual  falling  away  of  the  gold  production  up  to  the  year  1912, 


*  Total  return  iu  fine  ounces  excluding  alluvial  89  88ozs.,  and  1,394*70 ounce«<  dollied. 
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wbcn,  after  that  year,  there  tvas  a  A'ery  pronoanced  increase.  This 
iiMTease  was,  undouhtedly,  due  to  a  phenomenal  revival  of  mining 
daring  the  years  1910  and  1911. 

In  the  latter  part  of  1909  a  discovery  of  gold  was  made  at  a 
s[w)t  now  known  as  Bullfinch,  which  became  one  of  the  most  noted  in 
I  he  history  of  mining  in  Western  Australia,  The  name  of  the  dis- 
coverer WES  Charles  Jones,  the  representative  of  a  prospecting 
>Yndicate  formed  by  Messrs.  D.  L.  Doolette  and  party.  Jones' 
'•risinal  sl\}\  lication  for  leases  was  made  on  the  29th  of  December, 
IMn^.  The  leases  were  situated  about  22  miles  north-west  of  South- 
ern Cross,  and  are  now  known  as  the  Bullfinch  Proprietary  group. 
The  sequel  to  the  first  rich  crushings  from  these  leases  was  the  ap- 
plying for  old  and  neglected  mines  and  the  prospecting  for  new 
mint«  throughout  the  whole  field.  Hence  such  mines  as  the  Moun- 
•ain  Queen  and  Corinthian  North  were  capitalised  and  turned  into 
reraUr  gold  producers.  The  Mount  Jackson  and  Marda  centres 
^ere  also  revived. 

In  addition,  an  impetus  was  given  to  prospect  farther  afield. 
TL'js  we  find  applications  for  Weston's  Reward  on  12th  December, 
11*10;  the  Recoverv',  29th  December  of  the  same  year;  the  Myrtle 
<.Vntral  (now  Edna  May  Central)  early  in  the  following  year,  and 
n  any  others  too  numerous  to  name.  This  portion  of  the  field's 
history  is  ver>'  significant  and  demonstrates  clearly  how  a  mining 
'entre  can  almost  pass  into  oblivion  and  be  suddenly  resurrected 
by  one  sensational  discovery. 

Suffice  it  to  say  that  of  the  total  production  for  the  year  1914, 
the  output  from  five  mines  only,  which  undoubtedly  owed  their 
•U'.elofment  to  the  Bullfinch  discovery,  was  180,836  tons,  yielding 
71.874  ozs.  fine  gold.* 

EXTENT  AND  BOUXDARIES  OF  THE  YTLGARN  GOLDFIELD. 

In  the  Government  Gazette  publish  on  28th  January,  1916,  the 
foil  I  wins:  boundaries  were  fixed  for  the  Yilgam  Goldfield: — 

Ponnded  by  lines  starting  from  a  point  north  of  Cairn  H26  on 
Kfiorarawalyee  rock  and  wfst  of  Cairn  I<B1  at  Wangine  Soak,  and 
extending  south  along  the  west  boundary  of  the  Coolgardie  and  Dnndas 
Go]dfields,  and  passing  through  Cairn  H26  at  Koorarawalyee  rock  to 
a  joint  east  of  the  summit  of  Mount  South  Ironcap;  thence  west,  pass- 
102  through  the  summit  of  Mount  South  Ironcap  to  a  point  on  the 
■oathem  section  of  the  No.  1  Rabbit-proof  Fence  near  the  113-mlle 
\^^;  thence  north-westerly  and  northerly  along  the  fence  to  the  14- 
Qile  post  on  the  northern  section  of  the  fence;  thence  east  20,833  links, 
north  24,000  links,  and  west  20,833  links  to  the  17-mile  post  on  the 
feoee;  thence  northerly  along  the  fence  to  the  158-mile  post;   thence 


*  nvfiW  the.  vrArs   1012  and   1013  these  mines  were  bosy  erecting   plants  and  de-' 
Trlopfng  ore. 
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easterly  about  75  miles  to  a  Cairn  marked  AKll  on  an  island  at  the 
eastern  end  of  Lake  Barlee;  thenee  southerlj  about  11  miles  to  a  Cairn 
marked  GDR40  on  Mount  Elvire;  thence  south-south-easterly  about 
41  miles  to  Johnston's  rocks;  thence  south-easterly  about  26  miles  to 
starting  point 

IV.— PHYSICAL  FEATURES. 

The  physiographical  features  of  the  northern  portion  of  the 
field  have  already  been  described  in  detail  by  my  colleague  in  his 
report  on  the  Mount  Jackson  District. 

In  the  south-western  section  of  the  area  under  review  there  is 
little  relief  in  the  surface  features. 

Viewed  from  any  of  the  hig:her  points,  the  general  aspect  is 
one  of  a  vast  undulating  plain  from  which  rise  comparatively  in- 
significant ridges,  the  highest  points  of  which,  such  as  Koolyanob- 
bing  and  Bundalbin,  stand  out  in  bold  contrast.  Occasional  isolated 
granite  knobs,  like  Yorkrakine  and  Baladjie,  also  form  good  land- 
marks. 

The  dry  lakes  are  usually  found  following  round  these  ridges 
and  higher  points.*  Jutson  has  included  this  area  in  his  central  or 
salt  lake  division, t  and  described  it  as  an  elevated  plateau  of 
arid  erosion,  the  present  surface  being  mainly  the  planed  surface 
of  the  old  plateau. 

Taking  the  railway  levels  as  indicative  of  the  average  heiglit 
above  sea  level  on  an  east  to  west  section,  we  find  the  minimuui 
height  above  sea  level  is  1,060  feet,  with  a  maximum  of  1,343  feet, 
a  diiferenee  in  elevation  only  of  283  feet  in  a  distance  of  SI  miles. 

The  highest  portions  in  this  section  are  due  to  ridges  running 
in  a  general  north-north-west-south-south-east  direction. 

Of  these,  the  first  crosses  the  railway  at  Noongar  and  extends 
north-westward  past  Warrachoppin,  on  to  the  Rabbit-proof  Fence. 

The  other  passes  through  Southern  Cross,  Bullfinch,  on  to 
Ennuin. 

From  Karalee  eastwards  there  is  a  general  and  decided  increase 
in  elevation  of  from  100  to  200  feet,  the  maximum  being  reached  at 
Koorarawalyee,  1,522  feet. 

Tiie  "old  plateau"  is  not  extensively  represented,  and  most  of 
the  remnants  of  the  older  land  surface  are  to  be  fouud  in  the  middle 
w-estern  area.  Middle  Double  Gunyan  is  one  of  the  best  examples. 
There  we  find  a  flat-topped  ridge,  with  tlie  characteristic  "breaka- 
way" weathering  well  represented. 

The  isolated  granite  knobs,  Yorkrakine,  Baladjie,  and  Karolin 
rocks,  may  also  be  considered  as  further  remnants. 

•  Vide  Plates  I.,  II.,  and  III. 

t  Bulletin  61, — Fhystographlcal  gooloRy  of  Western  Australia.     Perth  :   By  Authority 
1914. 
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Of  tbe  greenstone  areas,  the  Yilgarn  Hills,  apparently,  thougrh 
thty  do  rifie  from  areas  of  depression,  may  still  be  regarded  as  por- 
tions of  Ihe  old  plateau.  There  is  little  doubt  that  they  owe  their 
presence  to  their  greater  weather-resisting  properties,  due  to  their 
cimiKJiition,  and  particularly  to  the  prevailing  quartz  haematite 
t».re  which  is  a  typical  feature. 

In  the  Golden  Valley  area  isolated  hills  of  quartz  conglomerates 
':a\e  also  defied  denudino^  agencies  and,  in  consequence,  remain  as 
fairly  eonspienons  xnonadnocks. 

RIVERS. 

Rivers  are  absolutely  non-existent,  and  except,  perhaps,  im- 
m^iately  after  the  heaviest  rainfalls,  there  is  practically  no  flow 
"f  water  at  the  surface. 

Surrounding  the  lakes  minor  watercourses  have  been  cut  by 
-*«Tm  water  falling  on  the  bare  hills,  but  such  are  too  insignificant 
:••  deserve  further  notice.  Under  normal  conditions  there  is  no  flow- 
:'.?  water  at  the  surface. 


LAKES. 

A  ver>-  extensive  *'dry'^  lake  system  occurs  in  the  centre  of 
tiie  northern  Yilgam  field,  extending  from  Southern  Cross  north- 
wards to  Mount  Jackson,  the  extent  of  which  is  clearly  shown  on 
f'late  1. 

As  their  name  would  imply,  the  lakes  in  this  system  are  usually 
'W.  and  even  w4th  their  maximum  quantity  of  water  seldom  attain 
a  depth  of  more  than  a  few  inches,  and  that  only  after  heavy  rain- 
faUs. 

With  regard  to  the  deposits  in  these  lake  beds  the  information 
i>.  onfortunately,  most  meagre.  Some  of  the  lakes  have  undoubted 
r«»ck  floors,  which  are  bare  of  deposits.  Examples  of  this  may  be 
f'mnd  in  Lake  Seabrook  where  crossed  by  the  greenstone  st  Kool- 
yanohbing,*  and  a  portion  of  Lake  Deborah,  near  Marie's  Find.t 

In  both  the  foregoing  instances  greenstone  forms  the  floor  of 
tile  lake,  which  may  account  for  the  absence  of  any  deposits,  for 
vhere  the  basins  are  resting  on  granite  the  conditions  are  different, 
tbe  floors  being  soft  and  boggy. 

Probably  this  is  due  to  the  granite  being  more  easily  weathered 
ratber  than  to  the  accumulation  of  detritus  carried  from  a  distance, 
a  (oint  which  is  still  obscure  owing  to  the  fact  that  the  lake  floors 
have  ne^er  been  pierced  by  bores  or  shafts.  That  the  denuded  sur- 
face of  the  floors  is  robbed  of  its  detritus  by  wind  action  is  evident, 
for  round  the  lake  edg3s  arc  usuallv  to  be  found  large  deposits  of 

•  ?ut«  xvm.  t  pute  vn, 
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sand  in  the  form  of  sand  dunes,  and  in  several  instances  even  exten- 
sive deposits  of  seed  gypsum.  The  seed  gypsum  is  without  doubt 
derived  from  the  breaking  up  of  the  crystals  by  wind,  the  crystals, 
in  the  first  place,  being  deposited  on  the  lake  floors  from  the  water 
concentrated  by  evaporation.  At  the  present  day  it  is  not  at  ali 
uncommon  to  find  gypsum  crystals  in  the  mud  of  the  lake  floors 
and,  at  times,  scattered  over  the  dried  surface. 

Furthermore,  it  is  interesting  to  note  the  directions  from  wliieb 
the  prevailing  winds  blow  by  studying  the  sides  of  the  lakes  on  which 
these  sand  and  gy])sum  deposits  occur. 

As  a  general  rule,  with,  of  course,  minor  exceptions,  it  will  be 
found  that  the  deposits  occur  on  the  southern  or  south-eastern 
edges  of  the  lakes,  the  western  and  northern  shores  being  usually 
bare  rock  floors,  or  covered  with  very  thin  deposits.  In  conse- 
quence, the  northern  and  western  shores  are  usually  more  or  less 
precipitous,  more  particularly  so  when  they  abut  on  the  green- 
stones. 

From  the  foregoing,  the  natural  deduction  is  that  the  lakes  are 
migrating  w^estward.* 

One  of  the  best  examples  of  the  foregoing  lake  characteristics 
is  to  be  seen  at  Marie's  Find.  Marie's  Find  is  on  a  peninsula  jut- 
ting out  north-eastwards  into  Lake  Deborah.  The  northern  side  of 
the  peninsula  is  a  succession  of  sand  dunes,  whilst  the  southern  side 
is  precipitous,  bordering  a  rock  floor  bare  of  sand.  Numerous 
islands  rise  up  from  the  basin  far  out  in  the  lake,  illustrating  the 
migration,  whilst  the  southern  shore  of  Lake  Deborah  forms  another 
instance  of  the  sand  dune  formation. 


v.— CLIMATE. 

The  climate  is  intensely  hot  and  dry  in  the  summer  months, 
with  usually  cold,  bleak,  but  bracing  weather  in  the  winter. 

As  may  be  seen  from  the  accompanying  meteorological  tables  the 
highest  shade  temperature  recorded  was  in  January,  1910,  when 
the  thermometer  rose  to  115°,  whilst  the  lowest  record  was  25**,  the 
latter  registration  occurring  in  August,  1900,  June,  1908,  and  July, 
1902,  1906,  and  1914.  The  average  rainfall,  taken  for  a  period 
extending  over  26  years,  is  994  points  (100  points  representing  one 
inch),  the  maximum  for  one  year  being  1,957  points  in  1915,  and 
the  minimum  512  in  1894.  The  three  wettest  months  are  June, 
July,  and  August. 
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VL— DESCRIPTIVE  AND  ECONOMIC  GEOLOGY. 

The  geolog^ieal  features  of  the  northern  section  of  the  Yilgam 
GoMfield  readily  lend  tliemaelves  to  a  general  classification  into  four 
main  parallel  helts  of  greenstones  and  their  associated  rock  forma- 
tiuDs,  snrroiinded  by  a  vast  area  of  massive  granite.  Taken  con- 
serutively  from  north  to  south,  these  are  referred  to  for  descriptive 
purposes,  in  the  following  pages,  as  the  Mount  Jackson,  Marda, 
Koolyanobbing,  Southern  Cross,  Bidlfinch,  and  Westonia  helts.  My 
i^Ueague  lias  written  a  full  report  on  the  Mount  Jackson,  Marda, 
and  Koolyanobbing  areas,  and  such  will  be  found  included  in  the 
present  Bulletin. 

The  following  observations  will  be  confined  to  the  Bullfinch  and 
Westonia  areas. 

VU.—PREVIOUS    GEOLOGICAL   OB^RVATIONS. 

Despite  the  fact  that  gold  was  first  found  on  the  Eastern  Gold- 
*:»-M  in  the  Bullfinch  belt,  the  discovery  was  soon  eclipsed  by  more 
ici{*ort«nt  and  richer  finds  further  afield.  Hence  the  Yilgam  field 
«af?  for  a  considerable  time  n^lected  by  the  mining  world. 

However,  when  the  Bullfinch  mine  was  opened  up  and  mining 
X  the  district  revived,  fresh  interest  was  taken  in  the  field.  Up  to 
t1  is  time  the  only  departmental  officer  to  report  on  the  mining  of 
•■:e  Bullfinch  belt  was  H.  P.  Woodward*,  who  visited  Golden  Valley 
-Portly  after  the  first  discovery  on  22nd  January,  1888. 

In  the  year  1912  Woodward  made  a  reconnaissance  survey  of 
'\f:  Bullfinch  belt  and  the  country  lying  to  the  north,  with  the 
hjeft    of  ascertaining  the  extent  of  the  Bullfinch   belt  and  the 
.^•ssibiJity  of  locating  others  of  a  similar  nature.f 

It   should  be  noted  that  prior  to  this  survey  others  had  been 

v^ade  of  the  southern  portions  of  the  Yilgam  Goldfield.     Thus  we 

-a^e     a     report    by   Gibson   on    Southern    Cross,!    one   by    Saint 

"^'rith  and   Farquharsonf  on  the  same  area,  but  in  g^'eater  detail, 

And  a    subsequent    one  by    Blatchford  and  Saint    Smith|  on    the 

-. » itfaein  extremity  of  the  belt  extending  from  Southern  Cross  to 

•Leriton's.     These  should  be  read  in  conjunction  with  the  present 

:•-!  <*Tt^  for  though  references  will  be  made  to  these  reports  in  the 

:  •llriwing:  pages,  there  is  such  a  similarity  in  the  geology  that  the 

'  :1!  text  should  be  perused.    Of  the  Westonia  belt,  which  is  a  com- 

-aratively  new  field,  there  is  no  available  literature  except  an  in- 

*mm  report  by  Blatchford,  published  in  the  year  1914.  | 


*  AbimmI  Reports  bj  Oovemment  Geologist,  188S-1888,  1890. 

*  Biriktia  46. — A  general  descrlpCifcm  of  the  Borthern  portion  Yilgam   Goldfield,  by 

H.  P.  Woodward.    Perth  t  by  Aothority,  1912. 
tBmUgtim  17,  by  C.  O.  OVtMom.    Perth:   By  Aathority,  19M. 
f  fialieciii  49  by  B.  C.  Saiat  Smith  and  &.  A.  Paraaharson.    Perth  :  By  Authority,  1018. 
1  MMd  «'  br  T.  Blatoblord  and  B.  C.  Saint  Smith.    Perth :  by  Authority,  1915. 
mmmua^^  G^otogto^  Survey,  W.A..  1914.- 
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VIII.— GEOLOGY  OF  THE  BULLFINCH  BELT. 

On  the  frontispiece,  and  more  particularly  on  Plates  VI.  and 
VII.,  the  extent  of  the  Bullfinch  belt  can  be  seen  like  a  narrow 
^Mslancf  in  a  ''sea"  of  granite. 

In  detail,  the  rocks  of  the  belt  are  found  to  be  essentially  of 
basic  igneous  character  in  which  occur  remnants  of  a  highly  altered 
sedimentaiy  series.  Through  the  greenstones  are  found  numerous 
acid  or  granitic  dykes  the  apophyses  of  the  surrounding  granite. 
These  are  of  a  later  age  than  the  main  basic  rocks. 
At  a  very  much  later  time  basic  intrusives  burst  through 
the  granites  and  greenstones  and  such  are  now  found  as 
fresh  narrow  dykes  (dolerites).  Exclusively  in  the  greenstones, 
and  usually  following  the  granite-greenstone  boundary,  are  long 
lenses  of  quartz-haematite  schists.  It  will  be  pointed  out  later  on 
that  these  probably  owe  their  origin  to  the  greenstones  being  crushed 
by  the  action  of  the  intruding  granite  (probably  due  to  heating  and 
contraction  on  cooling),  and  to  the  after  alteration  along  these 
fissures  by  circulating  underground  solutions.  Thus  the  crushed 
material  has  been  replaced  by  silica  and  iron  contained  in  the 
underground  circulating  waters. 

Quartz  reefs  are  found  both  in  the  greenstones  and  granite 
areas,  being,  in  the  latter  case  as  a  general  rule,  non-auriferous. 

The  geological  age  of  the  rock  types  is  not  known,  except 
relatively  to  one  another.  The  only  rocks  whieh  could  throw  any 
definite  light  on  this  point  are  the  sediments.  Unfortunately, 
these  have  so  far  been  proved  to  be  unfossiliferous. 

However,  there  is  evidence  to  indicate  that  the  metamorphic 
sediments  are  probably  the  oldest  rocks  of  the  field,  and  their  litho- 
logical  characteristics  are  such  as  to  suggest  an  age  far  back  in  geo- 
logical time.  Placed  in  relative  chronological  order,  the  following 
rock  species  are  represented.  The  order  is  placed  starting  with  the 
oldest  rocks  first:— 

1.  Sedimentary    (metamorphic)    (non-auriferous). 

2.  Greenstones   (massive  igneous)    (auriferous). 

3.  Granites,  massive  igneous   (non-auriferous). 

4.  Quartz  haematite  schists  and  lodes   (auriferous). 

5.  Quartz  reefs   (auriferous). 

6.  Acid  or  granitic  dykes   (seldom  auriferous), 

7.  Quartz  reefs   (auriferous). 

8.  Greenstones    (intrusive),  dolerites    (non-auriferous). 

9.  Laterites  and  superficial  dejiosits  (non-auriferous). 

SEDIMENTARY  ROCKS. 
There  are  two  well-defined  developments  of  sedimentary  strata 
in  the  Bullfinch  belt.     Of  these  the  first  is  found  striking  north- 
west through  the  townsite  of  Bullfinch,*  and  from  here  it  extends 

M*  VitU  Plate  VII.  ~ 
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south  lo  the  IS-mile  \^ost  on  the  Bull linfh -Southern  Cross  road.  The 
Mta]  lenstli  is  a  little  more  limn  four  miles  with  a  nmsimum  width 
of  about  'i-J  chains. 

The  :'e«on<l  belt  starts  on  the  soutliem  eud  at  the  28-niile  post 
and  runs  approximately  j  arallel  with  the  Jackson  road,  as  far 
nuith  as  the  41-niile  post,  thus  forming  a  belt  of  some  KI  miles  in 
It-nmb.  riie  greatest  width  of  the  belt  ia  found  near  Golden  Valley 
"l:ere  it  measures  on  the  surt'aee  about  00  chains. 

-\  smaller  belt  lying'  to  the  easi  of  the  42-mile  post  is  probably 
a  <v.nlinuaIion  of  the  second  belt.  The  width  of  this  third  series  ii 
aimiit  20  citains  In  the  centre  with  a  total  length  of  l-li  miles. 

All  three  sedimentary  beds  are  represented  by  fine-grained 
■.,a::.li  of  pliyllites  (originally  shales)  and  dark  graphitic  slainfd 
I.  lartzites,  whilst  erushed  quartz  conglomerates  are  of   fieijuent 


■  r-.o:  R,  II.  ir«Ln.  Cmslied  quartz  conglomerate.  Ncjj,  1.14.!. 

T'n fortunately,  sections  are  rare,  in  fact  good  sections  do  not 

The  absence  of  sections  is,  no  doubt,  due  to  the  easy  weathering 
•  ■:  the  »)ft  shales  and  also  to  their  being  the  prevailing  type  in  the 
-*ries.  Furthermore,  they  are  less  resistant  than  the  greenstones, 
tnd  faenee  are  usually  found  on  the  lower-lying  ground,  and  covered 
over  partially  or  ci)mplelely  by  the  detritus  washed  down  from  the 
;rreens(one  hills.  The  portions  comi)osed  of  conglomerates,  how- 
ever, are  sometimes  seen   fonning  detached  hills    (monadnocks). 


This  is  more  pai'tinilarly  t1ie  case  about  a  mile  north  of  Ool 
Valley.  Here  some  of  tliese  crushed  bods  ean  be  observed,  and 
cl:ar:u-ters  studied  without  didiculty. 


These  beds  ronsiM  esstnliolly  iiE  quartz  pebbles  varying  in  size 
from  lour  or  ti\e  inclies  in  length  to  the  aize  of  a  pea.    In  almost 
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fieri-  insluKc  the  pebbles  have  been  elongatetl  or  drawn  out  by  in- 

rriue  {iressure. 

A  charaderistic  diagonal  cracking  is  also  very  common.  Both 
■::e  wwks  and  elonfiHtion  are  well  illustrated  in  figures  1,  2,  3,  and 
4.  The  1  ebblea  are  held  together  by  a  ailiceoiia  cement,  tliiis  form- 
at a  htni.  brittle  rock,  (vhieli  ivout'i  liove  resisted  weathering  much 
i"re  tbao  it  has  were  it  not  for  the  extensive  cracking  of  the 
|-riilJi¥,  and  also  the  Assuring  of  the  rock  en  masse. 


T.  Blalchtord.  Neg.   134(1. 

Cnubed  qnarti  conglomerate. 

Sertions  in  some  coaleans  at  Bullfineli  e.>i|io=e  a  dark,  grilty 
'1.  It  times  almost  black  in  colour,  but  usmally  a  very  dark  grey. 
-iiwtai  of  this  rock  correspond  almost  entirely  with  (hose  obtained 
■m  tlie  Westonia  sediments.  The  rock  consists  of  an  appregate  of 
'17  grains,  the  colouring  being  due  to  the  presence  of  fine  graph- 

HiaL  This  rock  has  probably  been  a  band  of  grit  or  coarse  sand- 
■-.*  which  bas  been  eruahed  and  impregnated  with  graphite.  Only 
■ffections  can  be  seen  of  the  phyllites  or  finer  I'edimentary  bands. 
'  i  rale,  the  only  apecimena  obtainable  are  small  fragments  scat- 


tered  on  the  surface.  In  most  instances  they  are  fotmil  to  contain 
anHalusite  crystals  similar  to  those  in  the  southern  areas.*  From 
their  persistent  occurrence  at  the  surface  there  is  every  reason  to 


heiieve  thai  Iht-y  I'orm  the  major  portion  of  llie  sedimentary  depo- 
sils.  The  beik  have  a  vertical  dip  witii  a  general  nortii-wcst  south- 
east strike. 

From  an  economic  point  they  are  of  no  importance,  as  in  no 
siu^lc  instance  li;Ld  prrihl  been  found  in  them  in  payable  quantiticj, 
neitlier  do  tlipy  conlain  any  of  the  base  commercial  minerals  in  siicli 
(|nantilie^  ns  1«  warrant  exploiting. 

•  Bull.  03,  p.  38.    Perm:    By  Autliorlty,  J»1S. 
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Certainly',  in  some  instances,  narrow  bands  of  ironstone  are 
seen  outcropping  along  the  strike  of  the  beds,  but  these  have  been 
pr^ived  to  be  of  such  low  grrade  in  gold  contents  as  to  be  worthless, 
and  the  iron  contents  are  also  poor  and  the  tonnage  insignificant  for 
practical  purposes. 

The  bt*ds  have  a  certain  amount  of  importance  purely  in  a  geo- 
logical sense,  as  they  probably  represent  some  of  the  oldest  rock 
formations  of  the   State,  certainly  of  the  Yilgam  Goldfield. 

GREENSTONES   (amphJbolites). 
The  greenstones  or  basic  igneous  rocks  of  the  Bullfinch  belt  are 
a  eontinuation  of  the  main  rock-mass  which  passes  through  and  ex- 
tends southward  past  Southern  Cross, 

As  several  writers  have  already  described  the  Southern  Cross 
section  of  tliis  belt,  a  rtsume  of  their  various  opinions  will  be  stated 
Lere,  the  reader  being  referred  to  the  several  publications  in  which 
t!^e  reports  arc  to  be  found,  for  the  detailed  descriptions.  Gibson,* 
vbo  was  the  first  to  deal  with  the  classification  of  the  basic  igneous 
rtfks  of  tlie  Southern  Cross  type,  divided  them  into  two  classes: — 
(a)  The  schists,  (b)  the  massive  and  foliated  variety. — Between 
tLcse  there  is  no  hard  and  fast  boundaryi  the  former  gradually  passing 
into  and  being  merely  a  highly  altered  form  of  the  latter;  moreover,  it 
U  often  difficult  to  distinguish  between  them  owing  to  the  fact  that 
at  the  surface  the  foliated  variety  often  weathers  into  the  form  of 
Eichists,  this  weathering,  as  a  rule,  only  reaching  a  few  feet  below  the 
Furfafc. 

The  schists  are  for  the  most  part  found  in  juxtaposition  to  the 
granite  and  evidently  owe  their  existence  to  the  presence  of  the  latter. 

The  massive  and  foliated  variety  form  the  more  western  portion 
of  the  belt,  and  occupy  a  far  greater  area  than  do  the  schists,  being 
generally  prominent  in  the  south-western  portion  of  the  district  exam- 
ined, where  they  form  a  series  of  low  ridges  having  a  general  trend 
slightly  west  of  north.  These  massive  rocks  vary  considerably  in  their 
mir-roscopic  properties,  passing  ii^  all  stages  from  an  exceedingly  coarse- 
pained  hornblende  rock  into  fine-grained  chlorite  schists  mentioned 
above. 

Saint  Smith  t  divides  the  basic  rocks  into  two  classes,  the  "older'* 
and  the  **newer,*'  regarding  the  former  as  "metamorphosed  rocks, 
tuffs,  etc.'' 

FanjuharsonJ  divides  the  rocks  into  two  main  classes,  subdivid- 
ing each  class  into  several  groups,  thus: — 

Class   I. — Ro;.-ks    composed    of   ferro-magnesian   minerals   without 
felspar  or   quartz. 

A. — Those    consisting    of    pale-coloured    hornblende    occur- 
ring  in    confused    aggregates. 
B. — ^Those  in   which  hornblende   occurs  in   compact  grains 
— several  are  intermediate  between  A.  and  B.,  with 
both  fibrous   and   compact  forms. 
C. — Chlorite    schists. 

•  The  GtsAot^  and  Aarlferoufl  deposits  of  Southern   Cross.,  Bull.    17,  p.    18.  Perth : 

Bj  Aathoilty,  1904. 
t  G«>loR^  and  Mineral  Besonrces  of  the  Yllgarn  Ooldfleld.  Part  I.,  by  B.  C.  Saint 

Smith  and  R.  A.  Farquharson,  p.  23,  et  teq.    Perth :  By  Authority,  1913. 
X  G«cdoKT  and  Mineral  Besources  of  the  YUiram  Ooldfleld,  Part  I.,  by  B.  C.  Saint  Smith 

and  &.  A.  Faiqaharson,  pp.  6S-69.    Perth :  By  Authority,  1913. 

(2) 
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Class   II. — Rocks    in    which    hornblende    is    the    dominant    ferro- 
niagnesian — felspar   almost    always  present. 

A. — Without    quartz,    or   with    it   only   in    small    quantity. 
1. — Rocks    massive    or    only    slightly   foliated. 

(a)  Epidiorites — platy    and    fibrous. 

(b)  Garnet    amphibolites. 
2. — Rocks   foliated. 

Hornblende    schist. 
B. — With    quartz. 

1. — Rocks    with    hornblende    in    fibrous    or    other 

aggregates. 
2. — Rocks  with  compact  hornblende  and  a  granu- 
lar  or   granulitic   structure. 
3. — The    contact-altered    amphibolite. 

In  a  further  report,  written  in  a  private  capacity  for  the  Bull- 
finch Proprietary,  and  handed  to  the  Department  by  the  courtesy  of 
the  Directors  of  the  Company,  Gibson,  in  his  reference  to  the  green- 
stones of  that  particular  area  divides  them  into  two  classes,  "the 
older  gi'eenst ones''  and  the  "newer  »?reenstones." 

The  former  lie  considers  the  oldest  rocks  of  the  district  and 
describes  them  in  detail  as  consisting  of: — 

Fine-grained  rocks  which  are  invariably  schistose,  the  intensity 
of  the  schistosity  varying  considerably.  In  some  cases  it  is  so  slight 
that  the  rocks  appear  to  be  almost  massive,  whilst  at  times  again  it 
is  so  marked  that  they  have  the  appearance  almost  of  fine-grained  fissile 
slates. 

Originally  these  rocks  were  probably  fine-grained  diabases,  but 
they  have  now  become,  as  the  result  of  dynamic  metamorphism,  fine- 
grained schi.^tose  epidiorites. 

The  ** newer  greenstones''  represent  the  newest  series  of  rocks  in 
the  field.  Unlike  the  ** older  greenstones''  they  are  essentially  coarse- 
grained. They  are  occasionally  found  massive,  the  schistosity  being 
usually  very  pronounced.  The  massive  and  incipiently  schisted  varieties 
represent  merely  ** eyes''  or  lenses  which  have,  to  a  certain  extent, 
resisted  the  general  shearing. 

These  rocks  were  originally  a  coarse-grained  pyroxenite,  but  are 
now,  also  as  the  result  of  dynamic  metamorphism,  uralite  amphibolites 
and  talc  schists,  the  more  massive  portions  being  uralite  amphibolites, 
while  the  highly  schisted  areas  are  talc  schists,  all  gradations  between 
the  two  being  obtainable. 

In  correlating  the  evidence  set  out  in  the  above  reports,  except- 
ing Gibson's  later  one,  and  taking  it  in  conjunction  with  data 
gained  from  a  detailed  survey  of  Southern  Cross  to  Cheriton's  sec- 
tion, the  present  author  adopted  a  classification  more  or  less  coitcs- 
ponding  with  Gibson's,  and  the  broader  one  of  Farquharson's, 
viz. : — 

1.  The  foliated  variety  mergintr  into  massive. 

2.  A   coarse   variety   of   hornblendites,   the   newer   series   of 

Saint   Smith's,  but  probably  a  variation  only  of  the 
first  class. 

3.  Later  unfoliated  and  massive. 
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Microscopic  examinations  of  samples  collected  on  the  present 
suney  tend  to  prove  the  existence  of  a  variety  of  greenstones  vary- 
ing from  homblendites  to  epidiorites  in  every  phase  of  alteration, 
but  probably  genetically  connected,  or  in  other  words,  derivatives  of 
the  same  rock  mass. 

This  does  not  necessarily  presume  they  are  of  the  same  age,  in 
fact,  there  is  evidence  against  such  being  the  case.  But  wlien  it  is 
evident  that  the  main  mass  consists  of  bands  or  lenses  of  rock  so 
intermingled  as  to  be  inseparable,  and  yet  varying  from  one  con- 
sisting almost  entirely  of  one  mineral  hornblende  to  one  in  which 
felspar  and  hornblende  are  almost  in  equal  proportions,  there 
seems  to  be  little  doubt  of  their  once  being  genetically  connected, 
though  subsequently  by  differentiation,  now  separated  out  as  ap- 
I  arently  different  types.  Presuming  this  to  be  the  case,  one  would 
naturally  expect  to  find  the  weathered  products  of  such  a  rock  mass, 
which  had  in  the  meantime  been  subjected  to  intense  regional  meta- 
nior))hism,  occurring  in  all  the  possible  variations  which  could  arise. 
A  list  of  the  prevailing  varieties  may  be  found  in  Saint  Smith's  re- 
port above  referred  to.  For  the  microscopic  determinations  of 
some  of  the  rocks  collected,  vide  appendices.  For  a  fuller  descrip- 
li<m  of  the  field  relationships,  what  has  been  written  in  Bulletin  63 
stands  for  the  Bullfinch  belt.* 

GBANITES. 

The  granites  of  the  northern  area  of  the  Yilgarn  belt  fonn 
the  eastern  and  western  boundaries  of  the  Bullfinch  greenstones. 

As  a  general  rule,  on  the  western  side  the  contact  is  not  visible, 
being  for  the  mcst  part  overlain  with  sand.  Where  the  rocks  do 
Mitprop,  and  they  seldom  do,  is  either  in  the  *' breakaways,''  in 
which  ease,  as  would  be  expected,  the  rock  is  seldom,  if  ever,  not 
highly  weathered,!  or  in  the  form  of  prominent  knobs,  good  ex- 
amples of  which  are  Baladjie,  Karolin,  etc.  The  *' knobs"  are 
usually  more  or  less  un weathered.  When  thus  seen  the  granite  is 
I'ound  to  be  of  a  rather  coarse-grained  biotite  microcline  variety, 
in  which  occur  frequent  patches  of  very  coarse  agsjregates  of  fel- 
spar and  mica.  The  really  unweathered  portions  are  mottled 
blaek  and  white  or  grey.  Coarse  pegmatite  dykes  are  of  frequent 
occurrence. 

Outcrops  of  granite  on  the  eastern  side  are  very  rare.  The 
c*mtact  with  the  greenstones  has,  however,  been  exposed  in  some  of 
the  mine  workings,  notabl}'  at  Corinthian  North  and  the  Bullfinch 
mines.  In  each  instance  it  is  seen  to  be  distinctly  gneissic  in  char- 
acter, the  banding  being  fairly  perfect.  The  bands  consist  of  al- 
ternate layers  of  muscovite  and  biotite  with  quartz.  The  felspar  is 
much  decomposed  and  so  cannot  be  identified  with  any  degree  of 

*  Tbe  GeoloKf  and  Mineral  Resources  of  the  Yilgarn  Ooldfleld,  Part  II.    The  Gold 

bdt  loath  of  Sonthem  CroH,  by  T.  Blatchford.    Perth :   By  Authority,  1916. 
tPlg.  5. 


accuracy.    How  far  this  gneissic  stnieture  extends  ia  not  aseeri 
able  definitely,  but  it  ia  of  no  great  extent. 


I' 
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A  fresli  sample  of  Rrnnite  collated  from  tlie  Governmenl  Tun 
at  Eniiuin  was  examined  iinil  revealed  the  following  cliaraoteristii 
under  llie  niierosco|ie: — 

Ir^.]  This  is  a  very  coarse-grained  grej  granite  rack  with  ocoa 
Hional  large  Bemi-poTphyritic  scales,  cryatalB  and  books  of  blodtt.    Ii 
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seetion  there  are  very  large  platy  and  tabular  crystals  of  partially 
kaolinised  and  partially  micacised  microcline  felspar  and  less  common 
plates  of  a  plagioclase  with  albite  twinning,  with  aggregations  of 
irregular  plates  of  quartz  and  occasional  flakes  of  brown  biotite^  in 
places  chloritic.  Wedge-shaped  ciystals  of  sphene  also  occur,  sometimes 
of  considerable  size.  Some  vermicular  intergrowth  appears  in  places, 
and  an  approach  to  zonary  banding  is  noticeable  in  some  of  the  felspar 
plates.  Some  of  the  most  kaolinised  felspars  are  quite  turbid  and 
enclose  small  grains  of  epidote.  A  few  grains  of  black  iron  ore  (ilmen- 
ite)  appear  sporadically.  The  rock  is  a  very  coarse-grained  semi- 
[orphyritie  microcline   biotite  granite.* 

Though  far  removed  from  this  locality  samples  taken  from 
Mount  Oihbs,  eight  miles  south  of  Hatter's  Hill,  and  from  near 
the  128-mile  post  on  the  Burracoppin-Stan-ation  Boat  Harbour 
section  of  the  Rabbit-proof  Fence,  gave  practically  the  same  micro- 
scopic results.  The  latter  are,  therefore,  cited  for  comparison  in  the 
appendices. 

In  summing  up  the  microscopic  evidence  Farquharson  states: — 

It  is  very  evident  that  these  three  specimens,  though  collected  from 

points  many  miles  apart,  all  are  so  closely  similar  both  in  appearance, 

structure,  and  composition  that  they  must  be  regarded  as  portions  of 

the  same,  or  a  genetically  similar  maPS. 

It  has  generally  been  accepted  by  previous  writers  that  the 
Southern  Cross  massive  granite  is  of  a  later  age  and  has  intruded 
the  greenstones.  Saint  Smith f  has  drawn  a  section  showing  the  in- 
trusive nature  near  Lake  Polaris,  but  refers  to  such  as  ^'a  tongue  of 
granite  of  a  fine-grained  acidic  type."  Since  both  fine-grained  ap- 
lites.  as  well  as  coarse  pegmatites,  are  found  invading  the  massive 
ffranite,  this  evidence  as  to  the  intrusive  nature  of  the  massive 
granite  is  not  at  all  conclusive.  However,  apart  from  the  evidence 
of  the  schisting  of  the  greenstones  near  the  granite  contact,  there  is 
at  least  one  definite  and  conclusive  instance  in  the  field  where  the 
granite  in  its  massive  form  may  be  seen  invading  the  greenstone 
belt 

This  locality  is  situated  some  five  miles  south  of  Currajong,  on 
the  Southern  Cross- Jackson  road.J 

The  granite  occurs  here,  as  the  mapping  shows,  in  tlie  form  of 
an  extensive  boss  forming  an  inlier  wholly  surrounded  by  the  green- 
stones, 

Tliis  granite  has  the  same  characteristics  as  the  massive  granite 
and  must  be  considered  as  a  portion  of  the  same  mass. 

It  might  be  mentioned  here  that  a  similar  occurrence  illustrat- 
ing the  intrusive  nature  of  the  granite  into  the  greenstones  occurs 
too  at  Boodalin  Soak,  in  the  Westonia  district.  Furthermore,  in 
this  latter  case,  small  areas  of  the  greenstone  are  to  be  found  in  the 
granite  mass  as  a  further  illustration  of  the  intrusive  nature  of  the 
eranite. 


*  Petrologlcftl  determination,  by  K.  A.  Farqulutrson. 

t  Bulletin  40,  O.8.W.A.,  p.  32.    Perth :  By  Anthoiity,  1913. 
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There  is,  of  course,  no  doubt  as  to  the  intrusive  nature  of  the 
granite  dykes,  for  such  are  repeatedly  seen  breaking  through  all  the 
rock  series,  with  the  exception  probably  of  a  few  later  dolerite 
dykes. 

As  can  be  readily  seen  on  the  frontispiece  and  Plate  I.,  the 
major  portion  of  the  field  is  occupied  by  granite.  Unfortunately 
this  vast  area  of  rock  does  not  contain  lodes  carrying  either  gold 
or  the  baser  metals  in  commercial  quantities.  Certainly  much  of  the 
surface  is  masked  by  recent  superficial  deposits  of  unknown  depths. 
What  lies  under  this  cover  is,  for  the  present,  uncertain.  The  pros- 
pects, however,  of  finding  payable  gold  or  mineral  deposits  is  so 
remote  that  it  is  doubtful  if  they  exev  will  be  exploited,  except  per- 
haps in  the  vicinity  of  the  greenstone  contacts. 

Referring  to  these  superficial  dejjosits,  which  are  usually  sandy 
or  lateritic,  one  somelimes  sees  a  small  area  of  dark  or  red  loam  oc- 
curring as  an  isolated  patch.  It  has  been  found  that  these  patclie^ 
are  usually  due  to  the  disintegration  of  dolerite  dykes,  which  repre- 
sent probably  the  last  stage  of  volcanic  action.  Further  reference 
to  these  dvkes  will  be  made  when  dealing  with  the  area  at  Mid 
Ironcap,  where  they  are  particularly  frequent  in  occurrence. 

QrARTZ-HAEMATITE     SCHISTS. 

This  class  of  rock  is  well  developed  in  the  Bullfinch  belt.*  As 
a  general  rule  it  occurs  in  elongated  lenses  which  run  parallel  to  the 
eastern  contact  of  the  greenstones  and  j^ranite,  and  usually  at  no 
great  distance  from  the  latter.  On  Plate  VI.,  where  the  greenstones 
branch  at  Farren's  Rock,  this  characteristic  is  very  pronounced. 
The  greatest  developments  of  quartz-haematite  schists  occur  in  the 
Golden  Valley  district.  Here  parallel  bands  of  the  rock  are  seen 
practically  right  across  the  greenstone  area.  Quartz-haematite 
scliists  do  not  occur  in  the  granite  areas.  At  Corinthian  they  abut 
on  the  granite,  which  in  this  particular  instance  is  distinctly 
gneissic,  but  do  not  intrude  into  the  granite.  The  gianite  here 
merely  forms  the  eastern  wall  for  the  deposit. 

Throughout,  the  quartz-haematite  schists  exhibit  a  marked 
banded  structure  similar  in  every  respect  to  those  in  the  southern 
area  of  which  they  are  an  undoubted  continuation.  Their  composi- 
tion varies  from  massive  haematite  to  a  typical  banded  jasper  rock. 
In  addition  to  the  foliation  the  rock  is  often  found  to  be  twisted  and 
contorted  and  fractured  to  a  marked  degree.  These  contortions  are 
sometimes  found  in  only  one  section  of  the  band,  and  this  is  no 
doubt  due  to  lateral  pressure  combined  with  shearing  in  the  rock 
mass  before  replacement  by  the  iron  and  silica,  and  also  to  one 
portion  of  the  rock  being  rigid  enough  to  resist  the  shearing  that 
has  been  induced  in  the  weaker  member.  In  several  instances  tlie 
lenses  of  quartz-haematite  schists  have  been  noticed  to  branch.  Such 


•  Vide  Plates  VI.,  VII.,  and  VIII. 
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is  evident  in  the  Violet,  Bell  Bird,  and  other  mines,  which  makes  it 
diffieult  to  accept  a  sedimentary  origin  for  the  deposits  which  has 
been  ascribed  to  them  bv  some  obsen^ers. 

Opportunities  have  been  forthcoming  in  some  of  the  mine  work- 
ings for  ob>erving  the  occurrence  of  the  quartz-haematite  schists 
at  depths,  and  in  such  a  marked  change  from  the  surface  has  been 
apparent.  Thus  in  the  Corinthian  mine  at  the  200ft.  level  the  hae- 
matite has  been  replaced  largely  by  pyrrhotite,  and  in  the  Bullfinch 
mine  at  the  300ft.  level  both  marcasite  and  pyrrhotite  occur. 

The  structure  of  the  rock  also  changes,  the  planes  of  foliation 
becoming  less  apparent  in  proportion  to  the  depth.  In  general 
there  is  evidence  of  the  quartz  haematite  schist  gradually  changing 
into  the  country  rock.  It  should  be  noted,  however,  that  both  in  the 
Bollfinch  and  Corinthian  mines  there  has  been  a  considerable  amount 
(if  leaching  and  redistribution  of  mineral  contents  in  both  the  en- 
casing country  rock  and  quartz  haematite  schists,  and  thus  both 
these  instances,  where  the  subject  can  be  best  studied,  may  still 
prove  to  be  exceptions  to  the  general  occurrence  of  the  rock  under 
renew.  There  is  undoubtedly  a  lack  of  definite  information  regard- 
in?;  the  occurrence  of  these  dejiosits  at  depth.  So  the  conclusions 
arrived  at  can  only  be  regarded  as  tentative. 

As  the  occurrence  is  of  importance  from  both  a  mining  and 
ceiilogical  standpoint,  the  following  extracts  have  been  taken  froJi 
the  writings  of  other  obseners  both  in  the  Yilgarn  and  other  fields. 
Woodward,  in  his  desciiption  of  the  Nemesis  mine  states*: — 

The  origin  of  one  of  these  banded  ferruginous  quartzite  bars  is 
rlearly  demonstrated  since  the  passage  from  the  comparatively  unaltered 
schist  below  the  2oOft.  level  can  be  traced  upwards  through  the  pyritic 
quartz  schists  to  its  present  oxidised  form. 

Farquharson's  determination  of  a  sample  of  rock  taken  from 
the  bottom  of  this  mine  is  as  follows  [12074]  : — 

A  heavy  black  rock  with  numerous  fine  bands  of  iron  ore.  Between 
the  leaves  in  nearly  all  cases  is  a  layer  of  rather  large  crystals  of 
pjrites.  Under  the  niicrofccope  the  rock  is  seen  to  consist  of  quartz 
in  polygonal  plates  with  scattered  grains  and  crystals  of  magnetite  with 
small  colourless  plates  of  a  green,  slightly  pleochroic  hornblende.  The 
latter  bands  are  more  densely  charged  with  magnetite  and  contain 
frequently,  besides,  the  ferro-magnesian  shapeless  patches  of  calcite. 
Round  the  border  of  the  plates  of  hornblende,  moreover,  is  a  fringe 
of  almost  colourless  needles  of  actinolite  projecting  at  right  angles 
to  the  rim  into  the  surrounding  quartz.  A  few  large  and  small  crystals 
of  pyrites  are  to  be  observed.  In  several  instances  hornblende,  that 
had  almost  completely  lost  its  characteristic  optical  properties,  is 
hordered  by  magnetite  and  closely  associated  with  calcite  which,  indeed, 
is  only  to  be  found  in  the  ferro-magnesian  bands,  and  would,  therefore, 
appear  to  be  a  decomposed  product.  Some  brown  iron  staining  is  also 
to  be  seen  in  the  green  mineral. 

*  Bulletin  48.  p.  100.  eC  aeq. 
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Woodward's  conclusions  on  the  subject  are  definite,  for  he  groe.- 
on  to  state: — 

It  is  apparent  from  the  above  that  the  rock  composing  these  bars 
results  from  the  alteration  of  ferro-magnesian  minerals,  and  "was 
of  a  similar  character  to  the  enclosing  country. 

In  his  report  on  the  banded  quartzites  in  the  Murchison  Gold- 
field,*    at    Lennonville,    Mount    Magnet,    and    Boogardie,     Gibson 
divides  the  quartz  schists  into  two  classes — 'Hhe  haematite"  and 
the  **  non-haematite, "  the  former  being  the  more  prevalent   type, 
and  in  summing  up  the  occurrences  and  origin  he  says: — 

The  main  bands  of  quartzites  appear  to  have  been  old  fault  lines 
or  joints,  along  which  the  original  greenstones  have  been  highly  foliated 
parallel  to  the  line  of  faulting  or  jointing,  and  thus  form  zones  of  weak- 
ness along  which  thermal  solutions  containing  silica,  iron,  etc.,  have 
forced  their  way  to  the  surface  and  gradually  converted  the  original 
foliated  greenstones  into  their  present  form.  This  appears  to  be  borne 
out  by  the  fact  that  they  almost  invariably  run  with  the  general  strike 
of  tlie  country,  viz.,  about  north-north-west  and  south-south-east,  and 
also  that  in  teveral  places  they  can  be  seen  to  tail  out  and  invisibly 
pass  into  foliated  greenstones. 

In  Faitland's  description  of  the  Mount  Millicent  quartzites  in 

the  Edjudina  District,!  be  states: — 

All  the  available  evidence  seems  to  indicate  that  these  lines  or 
bands  of  quartzite  have  been  found  along  shear  planes,  and  that  faulting 
took  place  subsequently  to  the  deposition  of  the  iron  ores  themselves. 

and  further  on  in  a  summarv: — 

Analyses  of  the  typical  varieties  of  the  different  classes  of  ore 
showed  that,  contrary  to  their  general  appearance,  they  all  contain  a 
high  percentage  of  silica  and  a  relatively  low  percentage  of  iron.  They 
are  evidently  not  of  clastic  origin,  occurring  as  they  invariably  do  in 
the  greenstone  schists;  these  have  invariably  been  subject  to  a  great 
amount  of  bleaching  and  decomposition  in  close  proximity  to  the  de- 
posits. The  greenstone  schists  contain  a  certain  proportion  of  iron 
compounds  in  their  composition,  and  the  bleaching  action  in  proximity 
to  the  quartzites  would  seem  to  imply  that  these  form  the  source  of 
the  iron  ore  and  possibly  that  of  the  silica,  with  which  these  ores  are 
invariably  associated.  The  iron-bearing  quartzites  occur  in  the  form 
of  alternated  overlapping  lenses  along  what  are  evidently  shear  planes 
of  remarkable  persistence  which,  by  virtue  of  the  lamination,  have 
formed  channels  for  the  more  or  less  free  circulation  of  mineral  bearing 
solutions. 

Gibson,  in  a  report  on  the  Murchison  Goldfield,  makes  further 
reference  to  the  banded  quartzites  of  that  districtt: — 

In  no  single  instance  have  they  been  found  in  granite  country. 

They  (the  quartzites)  appear  to  be  merely  highly  altered  bands  of 
foliated  greenstone,  and  in  some  places  can  be  seen  to  tail  out  im- 
perceptibly into  the  latter.  They  are  older  than  the  quartz  reefs.  Their 
appearance  at  a  depth  is  exactly  similar  to  that  at  the  surface,  except 
in  one  case,  where  the  hornblendite  appears  to  be  dying  out  and  its 
place  taken  by  blue  quartz. 


•  Bulletin  8,  p.  16.     Perth  :    By  Authority,  1903. 

t  Bulletin  11,  pages  28  and  58.     Perth :    By  Authority,  1913. 

t  Bulletin  14,  G.S.W.A.,    Perth :    By  Authority,  1904. 
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The  same  author,  in  writing  about  the  haematite  quartzites  of 
Southern  Cross,  says: — 

These  are  similar  to  the  haematite  bearing  quartzites  of  the  Mur- 
chison  and  other  parts  of  Western  Australia,  which  have  already  been 
described  in  detail  as  ''old  faults  or  joint  lines  along  which  the  green- 
stones have  been  highly  foliated,  and  by  a  gradual  lode  forming  process 
been  converted  into  their  present  state.'** 

Jackson,  in  his  description  of  the  Mount  Morgan's  lode,f  con- 
siders that: — 

Apart  from  its  size  and  irregular  nature  it  has  many  points  of 
interest,  not  the  least  being  its  similarity  of  origin  to  the  banded  and 
haematite  bearing  quartz  lodes  which,  though  elsewhere  frequently  asso- 
ciated with  auriferous  deposits,  are  not  themselves  generally  highly 
gold-bearing. 

In  a  description  of  the  Craiggiemore  G.M.,  at  Laverton,t  he 

states  that: — 

The  ore  bodies  worked  on  this  property  are  in  every  way  similar 
to  the  haematite  bearing  quartzites.  The  whole  country  is  very  soft 
and  rotten  all  through  the  present  workings,  and  just  begins  to  get  hard 
and  settled  at  the  300ft.  level,  at  which  point  a  fair  amount  of  sulphide 
begins  to  make  its  appearance  in  the  stone. 

Saint-Smith, (  in  describing  the  jasper  bars  or  quartz  haematite 
schists  of  Southern  Cross,  divides  them  into  three  classes  in  accord- 
ance with  the  percentage  of  silica  present,  with  a  possible  fourth 
class  "of  subsidiary  importance,  which  latter  may  represent  the 
transition  stage  from  normal  greenstones  to  one  or  other  of  the 
three  main  classes  of  jasper."  It  is  evident  the  author  holds  the 
prevailing  idea  that  they  are  derived  from  the  alteration  or  re- 
placement of  greenstones. 

Farnuharson,  in  dealing  with  the  probable  genesis  of  quartz 
haematite  schists,  is  inclined  to  treat  them  as  similar  to  the  Lake 
Suj'erior  and  Cuyuna  deposits  in  America.  It  seems  probable  that 
his  dedu'^tions  were  drawn  from  evidence  derived  from  samples 
only  of  the  bore  cores  of  the  Mount  Caudan  lode,  which,  without 
doubt,  is  of  sedimentary  origin  ||  and  quite  distinct  in  origin  from 
typical  examples  of  the  class  of  rock  under  discussion.  His  petro- 
logical  notes  on  the  ore  from  the  Nemesis  mine  read  distinctly  in 
favour  of  the  general  theory  of  replacement  in  crushed  zones  or 
fissures. 

From  the  foregoing  it  would  appear,  therefore,  that  there  is 
practically  a  consensus  of  opinion  amongst  observers  as  to  the 
genesis  of  these  deposits,  viz.,  that  they  have  been  formed  in  the 
crushed  zones  of  the  foliated  greenstones  only,  the  main  constitu- 
ents, silica  and  iron,  in  the  various  forms  of  oxide,  being  derived, 
partly  at  least,  from  the  basic  rock. 

•  BoDetln  17,  O.S.W.A.,  Perth :   By  Authority,  1004. 

♦  BalleHn  18,  0-8.W.A.,  Perth :  By  Authority,  1905. 
:  Ballefin  24.  O.S.W.A.,  Perth :  By  Authority,  1906. 
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It  has  been  further  noticed  that  where  observed  at  depth  in 
the  mines  there  is  a  tendency  for  the  gradual  change  or  merging*  ot 
the  ferro-siliceous  quartzite  into  the  country  rock.  Furthermore, 
it  has  been  observed  in  several  instances  that  the  iron  oxides  arc 
replaced  by  pyrrhotite,  marcasite,  and  pyrites  in  the  deeper  rnint^ 
workings. 

From  an  economic  and  mining  point  of  view,  considerable  im- 
portance is  attached  to  the  occurrence  of  this  class  of  rocks  in  the 
Yilgarn  Goldfield. 

Firstly  because,  in  some  instances,  the  quartz  haematite  schists 
have  been  themselves  productive  of  highly  payable  gold  ore. 

Secondly,  because  gold-bearing  quartz  reefs  are  often  found 
closelv  associated  with  them. 

The  best  instance  of  payable  ore  being  won  from  the  lodes 
themFelves  is  to  be  seen  in  the  Bullfinch  mine  itself,  a  fuller  de- 
scription of  wliich  will  be  given  under  the  heading  of  mines. 

A  glance  at  Plates  VI.,  VII.,  and  VIII.  demonstrate  that  most 
of  the  mines  and  mine  workings  are  at  no  great  distance  from  the 
quartz  haematite  schist  belts,  which  is  evidence  sufficient  for  the 
assumption  that  there  is  a  close  connection  between  them  and  the 
gold-hearing  reefs  and  quartz  leaders. 

As  a  matter  of  fact,  traces  of  gold  can  almost  invariably  be 
found  in  the  quartz  haematite  lodes  themselves,  but,  unfortunately, 
seldom  in  sufficient  quantity  to  be  of  payable  value.  The  Bull- 
finch mine  is  an  exception,  and  the  higher  gold  values  found  there 
are  unmistakably  due  to  severe  faultings  and  subsequent  local  en- 
richments. 

In  the  Violet  mine,  at  Golden  Valley,  a  pipe  of  ore  of  payable 
value  has  been  oi^ened  out  in  a  large  haematite  formation,  but  the 
gold  values  occur  where  an  arm  branches  off  the  main  body,  and  not 
in  the  main  body  itself. 

At  Ennuin  gold  has  been  w^on  from  the  Marionette  lease,  but 
here  again  there  has  probably  been  local  enrichment,  due  to  the 
ironstone  body  being  impregnated  with  auriferous  quartz  veins. 

Of  tlie  associated  quartz  reefs,  the  best  examples  are  the 
Corinthian  and  Corinthian  North,  Marie's  Find,  and  several  rich 
but  small  reefs  at  Eenuin. 

QUARTZ  REEFS. 
Quartz  reefs  occur  throughout  both  the  greenstone  and  granite 
areas.  In  the  latter  rock  they  are  usually  of  the  massive  type, 
non-auriferous,  and  probably  of  pegmatitic  origin.  Those  found 
in  the  greenstone  area  may  be  classified  under  tw^o  headings,  in 
accordance  with  their  ori.e:in;  but  they  likewise  belong  to  two 
epochs  when  referred  to  their  relative  ages.  As  a  general  rule, 
quartz  reefs  have  been  found  to  be  of  a  pre-pegmatite  age,  but  in 
two  instances  there  is  undoubted  evidence  of  the  occurrence  of  a 
(juartz  vein  after  the  granite  dykes  had  intruded  and  cooled  down, 
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Furt^»ier  reference  l^•ill  "be  made  to  this  exception  in  describing 
ibe  GUdeawav  mine- 

Another   example    is    fovind   in  the  same  locality,  where  two 
r\uartz  veins  are  being  worked  in  a  granitic  dyke  itself. 

Tbese,  apparently,  are  exceptions,  the  general  rule  being  that 
znimte  dykes  intrude  quartz  reefs,  thereby  establishing  the  fact 
t\iat  they  are  of  a  later  ag:e.  Of  the  hundreds  of  instances  of  this, 
the  two  instances  inentione<l  above  are  the  only  exceptions  which 
have  \^ven  noticed.  Classified  according  to  their  origin,  the  reefs 
in  the  greenstones  come  under  two  headings: — 

(a)  Ordinary  quartz  veins  whose  origin  is  undoubtedly  con- 

nected   with    ordinary    fissure-filling   from    circulating 
solutions. 

(b)  The   pe«:matitic  type  originating  from  fissure-filling  by 

granitic  ultra-acid  residuum. 

Veins  of  the  first  tyj^e  are  by  far  the  most  important,  and  the 
auriferous  members  of  this  class  seem  to  be  particularly  associate:! 
with  the  quartz  haematite  lodes,  or,  in  other  words,  they  lie  in  or 
near  the   main    fracture  zone   of  the   greenstones,   and   more   par- 
ticularly are  they  found  where  the  granitic  dykes  are  in  evidence, 
(iood  examples  of  this  are  to  be  seen  at  Marie's  Find,  Manxman, 
Eenuin    and    Golden   Valley.       Everything   tends   to  the   one   con- 
rlusion — that  where  the  countrv  rock  has  been  fractured  and  under- 
i:one  the  most   alteration  there  will  be  the  most  favourable  areas 
lor  mineral   deposition  and  concentration.     My   frequent  reply  to 
the  p>ros|ec*tor  who  is  often  found  speaking  disparagingly  of    the 
granite   "bars"   is,  "Wliere  you  do  not  find  those,  you  won't  find 
sold;    so  you  must  take  the  two  together  or  none  at  all."     Of  all 
the  payable  mines  in  the  Southern  Cross  belt,  the  writer  knows  of 
three  only  in  which  granitic  dykes  do  not  occur;  and  two  of  these, 
the  Victoria  and  Broncho,  are  in  a  class  of  their  own,  and  unlike 
any  others  in  the  above  goldfield,  whilst  the  other  is  the  Bullfinch 
Proprietary',  another  more  or  less  exceptional  case. 

The  second  class,  probably  derived  from  the  granite  magma 
direct,  is  not  very  pronounced,  but  is  represented  in  one  or  two 
ins^tances  by  conspicuous  outcrops.  They  are  usually  known  by 
the  ]»rosreetors  as  "Buck"  reefs.  There  is  no  instance  on  record  in 
the  Bullfinch  belt  in  which  they  have  proved  of  any  value  as  gold 
bearers. 

Quartz  reefs  in  the  Bullfinch  belt  proper  do  not  play  the  same 
important  part  as  they  do  in  the  southern  area,  whether  viewed  from 
a  geological  or  mining  aspect.  As  a  matter  of  fact,  their  occur- 
rence, as  a  whole,  is  not  only  less  frequent  but  the  auriferous  ores 
may  be  said  to  be  comparatively  scarce. 

However,  there  is  always  a  likelihood  of  discovering  fresh 
auriferous  quartz  veins  in  the  vicinity  of  or  connected  with  the 
quartz  haematite  schists,  though  away  from  such  the  chances  of 


eing-le  instance  on  record  where  this  has  led  to  a  siiccesst'al  issue. 

Tliis  limils  the  range  for  jirospectin^  consiiierably,  and  really 
reduces  tlie  jirobable  auriferous  area  to  very  narrow  limits. 

Unfortunate  as  this  may  be  from  a  raining  standpoint,  it  is 
nevertheless  a  fact,  though,  of  eourse,  exceptions  may  arise  in  the 
future,  in  spite  of  this  rule  liaving  held  good  up  to  tbe  present  date 
for  the  Biillfincli,  Southern  Cross,  and  Marvel  Ijoch  belt. 

GKANITIC  DYKES. 
Throughout  the  greenstone  and  granite  rocks  are  numerous 
more  or  le^s  narrow  dykes  of  undoubted  granitic  origin.  In  tbe 
greenstiine  areas  they  are  extremely  common  on  the  eiistem  contact. 
To  illustrate  their  frequency,  a  small  area  at  Marie's  Find  was 
taken  as  an  examgile  and  each  of  the  dykes  mapped.*  This  illus- 
trates the  occnrrenco,  hut  it  will  be  seen  that  to  have  continued 
mapping  on  this  scale  throughout  the  whole  field  would  have  taken 
far  longer  than  was  warranted.  For  after  all,  except  that  tlie  acid 
dykes  occur  with  persistent  fretivieney  in  the  areas  where  gold- 
bearing  reefs  are  found,  they  iiave  little  bearing  on  the  auriferous 
nature  of  the  quartz  vein  itself;  the  chief  significance  of  their 
afsociation  is  (hat  both  the  occurrence  of  the  reefs  and  dykes  point 
to  the  fact  that  the  areas  in  which  they  are  found  have  probably 
been  suitable  for  not  only  circulating  solutions,  but  also  the  ad' 
mission  of  tlie  narrow  dykes.  In  other  words,  where  dykes  can 
invade,  there  the  conditions  are  suitable  also  for  circulating  solu- 
tions, and  there  is  a  jirobability  of  the  introduction  of  minerals 
from  such  solutions.  The  sizes  and  field  relations  of  the  most  con- 
spicuous of  these  dykes  can  be  seen  on  Plates  VI.,  VII.,  and  VIII. 
The  granite  dykes  invade  all  classes  of  rock,  with  the  exception 
of  the  dolerites,  and  (hough  they  may  be  of  later  age  even  than  these 
they  hai-e  not  been  observed  pas.-ing  through  them. 

In  the  Glitleanav  mine  »"  instance  of  their  being  of  two  ages 
is  evident,  for  the  6Jideart'''y  """"^^  passes  through  a  series  of  acid 
dykes     in  one  part  of  ft,      lO'"'-''  ^^'liilst  in  another  a  rather    large 
;u^s  II..        "^   .  -. 


^anife  dyke  eats  //,.       '"^    ,,£ 


reef. 

which  base 


"-'■'¥  f^wd  ia  aci,j''l'^'i  n  ;/''"'fy,rence  has  already  been  made  to  gold 
Z'Z7^  '"-orHo,  i^^'i^urrin,  in  a  granite  dyke.  This  is 
<ht"I!yj'''<i<>n''^m     •    K        ,.\  Vas  been  directly  associated  with 

^'-ed   «iti,     "    /jj  tU     j^      J  I     aiivVave    o£    t\ie    country    is    eov- 
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sition  rdatively  to  the  iinderlying  rock.  Thus,  on  the  granite  areas 
we  find  siliceous  laterites  and  sand  to  sandy  loam,  whilst  on  the 
greenstone  areas  one  finds  isolated  patches  of  ferruginous  laterites 
and  loam. 

The  deposits  in  the  dry  lake  areas  have  already  been  referred 
to. 

Practically  little  is  known  about  the  depth  or  extent  of  these 
5'irface  deposits,  as  there  has  been  no  inducement  to  exploit  them. 
There  is  no  record  of  any  alluvial  "leads"  being  discovered.  As  a 
matter  of  fact,  alluvial  gold  has  been  eonspicuoas  by  its  absence 
throughout  the  belt. 

Taken  as  a  whole  the  surface  deposits  form  a  mantle,  covering 
most  of  the  area  under  review,  about  which  practically  nothing  is 
known. 

1X.-^E0L0GY  OF  THE  WESTONIA  CENTRE. 

The  Westonia  belt  is  situated  some  six  miles  north  of  Carrabin, 
a  railway  station  on  the  Eastern  Goldfields  line,  195  miles  distant 
from  Perth  and  about  40  miles  west  of  Southern  Cross. 

EXTENT    OF    THE    BELT. 

( oni{.'arerl  with  the  other  four  greenstone  belts,  that  of  Wes-. 
tenia  is  the  smallest. 

Its  total  length  is  some  23  miles,  with  a  maximum  width  of  not 
more  than  five  miles.  The  shape  is  irregular,  the  central  portion 
bemg  a  very  narrow  neck  connecting  the  northern  and  southern  ends, 
both  of  wiiich  have  much  greater  dimensions. 

The  southern  extremity  gradually  merges  into  flat,  sand-covered 
wnntry,  presumably  granite,  but  the  boundaries  here  are  most  in- 
delinite. 

Tlie  same  conditions  prevail  on  the  northern  end,  but  the  coun- 
try being  of  a  greater  altitude  there,  makes  the  boundary  somewhat 
more  definite.* 

HISTORY. 

The  first  official  notice  of  the  discovery  of  gold  in  the  Westonia 
district  was  the  application  for  a  reward  claim  near  Boodalin  Soak 
by  A.  D.  Weston  on  20th  December,  1910.  This  lease  is  now  known 
as  Weston's  Reward,  named  after  the  discoverer,  as  also  is  the  town- 
ship Westonia. 

Farther  applications  for  gold  leases  soon  followed  Weston's 
application,  thus  we  ha\  e  one  by  J.  Cooke  on  30th  December  of  the 
same  year  for  the  Recovery  G.M.L.  2097;  by  E.  J.  Annear  for  the 
Edna  May  G.M.L.  2180  on  10th  January,  1911 ;  by  C.  Hickey  and 
Aspband  for  Myrtle  Consols  G.M.L.  2168,  9th  January,  1911;  by 

•  ridtFxontimiAeoe. 


lom  j^uii,  iviynie  uonsois  oouui  vj.iu.ij.  ii::j.'5,  ^ora  January,  ±if±± 
(these  two  leases  now  comprise  the  Edna  May  ^'Deeps"  mine)  ;  by 
A.  F.  Hanks,  Myrtle  Central  G.M.L.  2291,  10th  Februarj^  1911 
(now  the  Edna  May  Central  mine) ;  by  J.  V.  Kearney,  the  M.A.W. 
lease  2409,  afterwards  applied  for  on  5th  June  as  the  Myrtle  East 
by  R.  Holmes,  and  now  part  of  the  Consolidated  Gold  Mine;  and 
G.M.L.  2617  by  Squires  and  others  in  March,  1911,  afterwards 
applied  for  by  De  Jersoe  in  1912,  also  part  of  the  Consolidated 
^oup. 

For  some  considerable  time  only  one  of  tliese  leases — The  Re- 
covery— yielded   gold   in   appreciable   quantities,   and,   in   its  early 
stages  of  development,  gave  promise  of  being  a  high-grade  mine. 
As  a  matter  of  fact,  it  seems  quite  probable  that  the  first  crushing^ 
from  the  Recovery  were  the  means  of  keeping  prospecting  alive  in 
the  early  stages  of  the  field.     Certainly  it  was  trying  to  locate  the 
continuation  of  the  Recovei*\'^  reef  which  led  to  several,  if  not  all, 
of  the  above  leases  being  taken  up  as  mining  holdings.     It  is  gener- 
ally understood  amongst  some  of  the  original  prospectors  that  after 
the  Recovery,  gold  was  next  ^'struck'*  east  of  the  Recovery  in  the 
'Svater"  sliaft  on  G.M.L.  2761   (Edna  May  Consols),  and  that  the 
latter  6nd  lent  colour  to  the  prevailing  idea  that  the  Recovery  reef 
extended  in  that  direction.     Certainlv  it  was  the  means  of  further 
prospecting  between  the  water  shaft  and  the  Recx)very,  and,  there- 
fore, the  indirect  cause  of  finding  the  main  Edna  May-Central  lode, 
a  discovery  sufficiently  important  to  lay  the  foundation  of  a  mining 
centre   of   considerable   importance.     Unfortunately,    the   Recovery 
reef  proved  disapjiointing,  and  had  it  not  been  for  the  discovery 
and  proving  of  tlie  Edna  May  line  probably  there  would  have  been  a 
general  exodus  of  the  prospector.  As  it  happened,  the  first  crushings 
from  the  then  Mvrtle  Central  and  shortly  afterwards  the  Edna  Mav 
were  such  as  to  give  every  encouragement  to  further  pros])ecting. 
To  illustrate  the  advancement  in  mining  after  this  period  one  has 
only  {o  note  the  develojnnent  in  mining  plants.     Up  to  the  end  of 
J 912  there  was  but  one  small  reduction  plant  on  the  Recovery  lease. 
In  1913  the  Edna  May  Company  erected  a  ten-stamp  mill,  followed 
by  {\\Q  Central  in  1915  anrl  '^^  ^^^^  ^^  ^^'^  "Deeps''  and  ^'Battler,'' 
with  miWii  of  a  similar  /jnw.bei*  of  stamps. 

In  addition,  serern/        -ri^^*  chiefly  the    Edna    May,    expended 

considerable  amounts  ^p     ^^^     V  i^  Pimping  and  winding  plants,  air 

compressors,  etc.     fr     ^t  ;)^^,/^%.^,sent  time  the  Edna  IMav  is  the  only 

^Jiwe^  ^f^'^'f^'^  '^'itlj     ^^  n       i]^   plant  for  treating  both  sands  and 

^(^rtaiiiH^  ^ch  '^  h^r^  />^  tl^"^^^  ^^^^^'  ^^^  ^"'^^^^  l^^^l^  success. 

.*'//  fhes;  '^^'''''^  ^i^    kS  f  / ^^^ Vvy^^^  high-grade  stone  were  found, 

/V  ^^^ntu'^'^l  "^^'^/^^/    h   ^  d^   ^       true  mining  sense.    The  chief  min- 

^V  Jin^  Q.  y  ^^l^^\,    \y       jf  ^   iV,  attempt  to  intercept  the  Edna 
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MvTtle  Consols   and   Myrtle    Consols    South   floated    a   company, 
known  as  the   Edna  May   "Deeps/'  to  raise  sufficient  capital   to 
attain  this  objective,  which  resolved  itself  into  sinking  a  vertical 
shaft  from  500  to  600  feet  in  depth. 

It  was  whilst  sinking  this  shaft  that  heavy  water  difficulties 
were  met  with  and  overcome  by  a  cementing  process,  which  is  well 
worthy  of  notice  and  redounds  to  the  credit  of  N.  Stuckey,  the  mana- 
ger in  charge. 

In  brief,  the  modus  operandi  adopted  was  as  follows: — A  trial 
hole  was  alwavs  bored  well  ahead  in  the  bottom  of  the  shaft.  When 
hea\y  water  was  struck  a  force  pump  was  connected  to  the  bore 
hole  by  a  suitable  wooden  plug  fitted  with  a  pipe  valve  and  hose, 
and  hqiiid  cement  was  then  pumped  into  the  hole  until  the  pressure 
rose  to  the  limit  of  the  pump  (from  300  to  500  lbs.  to  square  inch). 
The  h(ise  was  then  disconnected  after  the  valve  had  been  closed; 
when  several  holes  had  been  treated  in  this  way,  in  the  bottom  and 
sides  of  the  shaft  it  was  found  that,  due  time  for  the  setting  of  the 
«-ment,  of  course,  having  been  given,  the  w^ater  was  held  back  and 
tiie  bottom  of  the  shaft  could  be  fired  out  as  usual  and  be  practic- 
ally free  from  water,  thus  demonstrating  that  small  open  fissures 
forming  water  channels  could  be  definitely  cemented  up  and  perma- 
nently sealed,  at  least  in  unweathered  rock.  The  process  is  new 
to  mining  operations  in  this  State  and,  in  the  writer's  opinion, 
?honld  be  of  use  where  the  conditions  are  similar  to  those  which 
arose  in  the  "Deeps"  mine.  The  Edna  May  reef  was  eventually 
>truck  in  a  drive  from  this  shaft  at  the  480  feet  level.  The  result 
^as  an  important  one  in  that  it  proved  not  only  the  existence  of 
tl^e  main  reef  at  this  depth,  but  also  that  the  gold  values  likewise 
continued. 

GEOLOGY. 

The  rocks  of  the  Westonia  Boodalin  belt  resolve  themselves 
into  the  following  groups,  which  are  placed  in  relative  chronological 
order  commencing  with  the  oldest: — 

Sedimentar>'  metamorphics. — ^Non-auriferous. 

Basic  Rocks   (greenstones),  plutonic. — Auriferous. 

Gneiss — Edna  May  Gneiss,  intrusive. — ^Auriferous. 

Granite?,  massive  plutonic. — Non-auriferous. 

ritra  Acid  pegmatites   (lodes). — Auriferous. 

Basic  (greenstone  dykes). — ^Non-auriferous. 

Quartz  reefs. — Auriferous. 

Granitic  intrusive  pegmatites,  aplites. — Non-auriferous. 

Recent  superficial  deposits. — Rarely  auriferous. 

Probably  the  oldest  rocks  of  the  field  are  the  sedimentary  series 
fmnd  near  Boodalin  railway  siding.  There  is  a  very  marked  re- 
semblance between  these  sediments  and  those  of  Parker's  Range, 
-Marvel  Ix)ch,*   Bullfinch  and  Eenuin,  so    marked,  in  fact,  that    it 

•Ball.  «3,  G.8.W.A.,  p.  29,    Perth:   By  Authority,  1917. 
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is  only  reasonable  to  suggest  that  they  formed  at  one  time  a  con- 
tinuous series,  lying  horizontally  on  a  fundamental  gneissic  floor. 
Subsequent  earth  movements  buckled  these  beds  into  folds  with 
axes  striking  north-west  south-east;  at  the  same  time  basic  rocks 
were  intruded.  Later  on  these  basic  rocks,  in  turn,  were  intruded 
by  magma  of  an  acid  character,  which  latter  resulted  in  the  for- 
mation of  the  gneissic  belt,  called  in  the  following  pages  the  Edna 
May  gneiss. 

Following  these  early  earth  movements  comes  the  intrusion  by 
the  Southern  Cross  granite,  the  result  of  which  was  not  only  the 
taking  up  of  the  major  portion  of  the  area  with  one  prevailing 
type  of  granite,  but  also  the  introduction  of  different  characteristics 
to  the  whole  of  the  then  existing  rocks  both  in  the  rearrangement  of 
their  minerals  and  the  introduction  of  different  physical  features. 

Hence  we  find  the  coarser  sediments  crushed  and  foliated  with 
extensive  developments  of  fresh  minerals  such  as  andalusite,  gar- 
nets, etc..  in  the  finer  varieties. 

In  the  basic  rocks  hornblendes  have  changed  largely  to  mica, 
etc.,  and  both  the  basic  rocks  and  Edna  May  gneiss  have  been  highly 
foliated.  On  the  cooling  and  consequent  contracting  of  this  com- 
plex, extensive  faulting  took  place,  followed  by  injections  of  both 
an  acid  and  basic  character. 

Apparently  the  first  of  these  injections  were  acid  and  resulted 
in  the  formation  of  the  ultra  acid  dykes  now  worked  as  highly  pro- 
fitable gold-bearing  lodes. 

These  were  followed  by  basic  intrusions  which  passed  through 
the  former  and  were  afterwards  subjected  to  the  same  treatment, 
for  we  find  further  acid  intrusions  which  passed  through  one  and 
all  the  members  of  the  plutonic  and  volcanic  series.  The  injection 
of  these  acid  dykes  is  the  last  evidence  of  volcanic  action  in  the  dis- 
trict. Though  there  must  needs  have  been  extensive  faulting  in  the 
rock  complex  there  has  apparently  been  little  other  movement  as, 
with  one  exception,  there  is  no  evidence  of  throw  in  any  of  the 
faults. 

SEDIMENTS    (METAMORPHIC). 

The  sedimentary  series  in  the  Westonia  section  is  but  poorly 
represented,  and  is  only  found  outcropping  in  one  locality,  viz., 
north  of  the  railway  line  at  Boodalin. 

A  group  of  leases  known  as  the  Comstock  embrace  most  of  this 
area. 

On  the  surface  the  rocks  have  weathered  considerably,  the  re- 
sult being  a  mixed  ferruginous  coating  resembling  the  prevailing 
ferruginous  laterite  deposits  in  appearance.  In  one  instance  only 
was  there  any  semblance  of  this  ironstone  being  the  capping  of  a 
lode  such  as  found  in  the  corresponding  sedimentary  areas  of 
Marvel  Loch  or  Parker's  Range.* 

•  Bull.  63,  G.S.W.A.,  p.  64.    Perth:   By, Authority. 


49 

It  woald  appear  from  the  shallow  workings  that  gold  has  been 
found  by  prospectors,  but  not  in  sufficient  quantity  to  warrant  any 
extensive  development. 

Where  the  original  rock  could  be  seen,  samples  were  taken  and 
snch  have  been  examined  by  the  Petrologist,  with  the  following  re- 
sults:— 

G.M.L.  1117: 

fj].  This  is  a  very  fine-grained  dirty  greyish-black  somewhat 
porous  graphitic  rock,  the  numerous  minute  white  scales  or  rods  all 
arranged  with  the  long  axes  parallel.  There  is  a  suggestion  of  shearing 
in  the  specimen,  and  the  specific  gravity  is  light.  Owing  to  the  dense- 
ne^  of  grain,  the  rather  soft  nature  of  the  specimen  and  the  graphitic 
content,  it  is  very  difficult  to  obtain  a  section  of  the  rock  of  any  value. 
It  is  possible,  however,  to  make  out  that  the  body  of  the  rock  is  com- 
T-osed  of  small  quartz  grains  heavily  charged  with  a  black  dust,  of 
which  some  particles  have  the  appearance  in  reflected  light  of  graphite 
scales.  Doubtless  there  is  a  considerable  amount  of  amorphous  graphite 
as  nell.  In  addition  to  these  constituents  there  are  occasional  rale 
jellow  fibrous  flakes,  resembling  decomposed  mica  and,  rarely,  rather 
large  areas  of  minute  scales  of  mica  heavily  charged  with  the  black 
"InfL  These  large  micaceous  aggregates  are  of  obscure  origin,  but  are 
consistent  with  a  derivation  from  original  chiastolite.  From  the  charac- 
ter of  the  rock  and  from  comparison  with  undoubted  chiastolite  shales 
from  the  same  field,  it  is  probably  a  sheared,  much  altered,  graphitic 
s-hale  of  the   chiastolite-shale  series. 

\\].  An  extremely  decomposed  rock,  apparently  sheared  or  indis- 
tinctly laminated,  somewhat  porous,  extremely  ferruginous,  and  of  a 
brick-red  colour,  with  numerous  pale  slate-blue  rounded  forms  that  are 
soft  and  granular,  and  in  places  blackish.  The  rock  is  too  much  altered 
for  sectioning,  but  appears  to  be  slightly  graphitic.  The  bluish  forms 
were  at  first  sight  thought  to  be  flinty,  but  their  soft  nature  indicates 
that  they  are  probably  decomposition  products.  Tests,  however,  with 
the  blow-pipe  failed  to  reveal  a  strongly  aluminous  character,  but  this 
inay  have  been  due  to  the  presence  of  carbon,  and  it  is  probable  they 
are  decomposition  products  of  andalusite. 

The  rock  is  of  doubtful  origin,  but  it  is  classed  as  a  weather  ferru- 
ginous clayey  product  of  an  andalusite  shale. 

In  both  instances  the  roclcs  have  proved  to  be  closely  allied 
to  shales  much  altered  and  impregnated  with  graphite,  a  frequent 
characteristic  of  the  sediments  in  the  Bullfinch  belt.  Careful  in- 
vestigation of  these  beds  is  impossible  owing  to  the  paucity  of  out- 
crops and  mine  workings.  They  are  unimportant  from  a  mining 
point  of  view,  for,  as  a  general  rule,  throughout  the  Yilgam  gold- 
fidd  they  have  been  proved  to  be  non-auriferous  except  in  rare  in- 
stances, along  their  contact  with  the  greenstones.* 


GREENSTONES    (plutonic). 

N'ext  in  importance  to  the  Edna  May  gneiss,  especially  from 
4D  economic  or  mining  point  of  view,  are  the  greenstones. 

•  for  further  reference  to  Occnrrenceii  of  Sedimentary  Rocks,  vide  Bull.  63.  a^.W.A.> 
p.  SO,  «f  Mf.     Perth:   by  Aatboiity,  1015. 


leas  narrow  belt,  extending'  through  Boocialin  railway  siding,  nortli- 
wegt  past  Weston's  and  Roodalin  soak.  In  the  centre  of  this  belt 
is  a  pronounced  necking." 

Cudei-  exisfing  conditions  it  is  an  impossibility  to  map  the 
boundaries  accurately,  as  the  contacts  are  almost  invariably 
coveted  with  surface  detritus.  The  boundaries,  therfore,  ns 
shown  on  Plate  IX.  and  frontispiece,  must  be  considered  as  ap- 
proximate only.  Furthermore,  this  prevailing  overburden  has  so 
seriously  interfered  with  the  possibility  of  mapping  the  various 
rock  lypcs,  that  detailetl  work  in  tliis  direction  was  almost  futile. 

However,  wherever  outcrops  or  mine  workings  were  avail- 
able, samples  were  taken  and  examined,  and  by  this  means  suffi- 
cient infonnation  was  obtained  to  admit  of  a  general  classification 
of  tlie  rock  matrix  being  made.  Several  bore  cores,  too,  were  care- 
fully sampled,  and  these  were  found  extremely  useful  in  the  ia- 
vestigations. 

In  an  interim  report  on  the  Westonia  district  by  tlie  present 
writer  in  the  year  1914,  the  greenstones  were  subdivided  into 
three  main  gronps  (1)  Diorites;  (2)  Amphibolites,  and  (3)  Peri- 
dolites. 

Tlie  diorites  were  fiiitlier  subdivided  into  four  types,  the 
classification  being  made  with  reference  to  structure  and  com- 
position. 

A.  Normal  diorites.^ — A  rock  in  which  the  hornblende  and 
pingiocluse    (felspar)    are   in  approximately  equal   proportions. 

B.  Fine-grained  felspathic  dioiites,  in  which  the  felspar  pre- 
dominates. 

('■  Fine-grained  hornblendic  diorites,  in  which  the  horn- 
blende  predominates. 

D.  A  distinctly  gnoissic  variety. 

The  last  of  these  it  was  found  possible  to  isolate  within 
modei-afeiy  definite   boiiT^aries. 

The  above  claasificfltion  was  only  a  tentative  one  and  drawn 

up  from  hand  fj^pjf^,     .^  and  a  few  rock  sections  cut  in  the  field. 

Since  the  issfj/^         _£  the  above  report,  a  considerable  amount 

"         '^''^   '>'orJi:    J  "■  ^^£.f n    done   by   Farquharaont  on  specimens 

^Hec/erf    fpoitj  iQf^     ^^^flCe,    """e    workings,    and    bore    cores. 

""V  .'^'^"^if^;^   ^         /'*^,fO»9   facies,  in    that    writer's    opinion 
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anre^  in  places  quite  fine-grained,  while  in  some  rock  specimens  felspar 
is  equally  developed  with  the  hornblende;  in  others,  hornblende  is  much 
in  excess  of  the  felspar. 

2.  The  granulitie  hornblende  schist.  This  occurs  in  the  Elsie  lease 
in  shafts  south  of  the  point  at  which  the  hornblende  gneiss 
ilisappears.*  It  occurs  at  the  south-west  corner  of  G.M.L.  2070; 
it  is  found  in  shafts  at  the  eastern  margin  of  the  Myrtle  lease,  and 
is  predominant  in  Xos.  2  and  3  bores,  Edna  May  mine/ 

Further,  both  the  homblendic  gneiss  and  the  granulitie  hornblende 
schist  occur  in  a  shaft  at  the  south-west  corner  of  G.M.L.  2762,  though 
specimens  of  the  former  are  much  decomposed. 

Finally,  a  foliated  fine-grained  hornblende  gneiss  or  gp*anular  quartz 
amphibolite,  and  a  fine-grained  prismatic  hornblende  schist  occur  in  the 
Lloyd  George  mine.* 

3.  A  foliated  pyroxene-homblende-felspar  rock  occurring  at  the 
old  townsite.* 

4.  A  foliated  hornblende-schi&-t  or  epidiorite  at  Bodallin  soak. 
This   is   virtually    identical    with    the    granulitie    hornblende    schist.* 

5.  An  acieular  hornblende  schist  verging  on  a  granulitie  horn- 
blende gneiss,  and  a  fine-grained  foliated  prismatic  or  roddy  hornblende 
schist  with  lenticles  of  pyroxene,  found  in  the  Battler  lease. 

6.  A  foliated  amphibolite  or  diorite  occurring  near  the  bottom  of 
I  Jeff's  bore  at  about  78;')ft.,t  and  a  coarse  platy  diorite  at  438ft.  in 
the  bore  at   Weston  *s  Reward. 

7.  An  actinolitic  chloritie  hornblendite,  occurring  at  the  plat  in 
the  Edna  May  shaft  300ft.  level,  and  at  a  depth  of  427ft.  in  Duff's 
bore.* 

8.  Finally,  a  tremolitic  serpentinous  rock  found  at  466ft.  and 
jjreater  depths  in  Duff's  bore,  also  the  plat  in  the  Edna  May  shaft,  and, 
judging  from  weathered  clayey  specimens,  in  shafts  near  the  western 
margm  of  G.M.L.  2617. 

These  facies  are  ultimately  reducible  to  two  groups: — 

(a.)  Foliated  felspar-hornblende  rocks.  These  include  rocks  with 
quartz  such  as  the  foliated  hornblende  gneisses  or  quartz 
diorites,  and  those  without  quartz  or  with  it  in  such  small 
amount,  such  as  the  granulitie  hornblende  schists  and 
foliated  epidiorite  and  the  foliated  pyroxene  hornblende 
schist, 
(b.)  The  non-felspathic  homblendic  rocks.  Included  amongst 
these  are  the  actinolitic  chlorite  hornblendite  and  the 
tremolitic   serpentinous   facies. 

The  mutual  relations  of  the  rocks: — 

Owing  to  the  impracticability  of  observing  rock  .-junctions,  to  the 
paucity  and  scattered  nature  of  the  exposures,  most  of  which  are  con- 
fined to  shafts  or  to  the  mine  workings,  and  to  the  absence  of  any 
derisive  field  evidence,  the  mutual  relations  of  the  rocks  are  very  diffi- 
t-uH  to  make  out. 

The  chief  facies  are  undoubtedly  the  granulitie  hornblende  schist 
and  the  hornblende  gneiss,  and  of  these  the  former  certainly  appears 
to  have  the  wider  distribution,  and  is  probably  the  chief  member  of 
the  country  rock. 

In  this  connection,  the  inliers  of  greenstone  at  Boodalin  soak 
must,  from  their  occurrence,  be  regarded  as  representative  of  the  country 
Toek,  and  these,  as  has  been  shown,  are  foliated  hornblende  schists  or 
er>idiorites   closely  resembling  in  structure  and   composition    the  hom- 


apl>arentl3'  different  from  the  hornblende  achiats,  has  been  Bhown  to 
consist  of  hornblende  portions  microscopically  very  aimilar  to  the  Utter, 
anj  since  it  is  plain  in  the  slides  that  tlie  hornblendie  portions  have  been 
derived  from  the  pyroxenic,  there  is  little  doubt  that  the  hornblende 
schists  have  been  derived  ultimately  from  a  rock  similar  to  this  and 
from  the  old  to^vnsito,  and  that  this  pyroxene  rock  must  be  included, 
from  the  point  of  view  of  origin  and  affinities,  with  the  hornblende 
Bchista. 

The  rebitionship  of  the  hornblende  gneiss,  however,  to  these  horn- 
blende schists  is  by  no  means  clear.  It  apparently  occurs  mostly  as 
A  band  or  atrip  more  or  leaa  surrounded  by  hornblende  schlats,  and  since 
some  varieties  of  it  differ  only  from  the  presence  of  a  little  quartz,  while 
exhibiting  the  eame  appearance  and  structure,  it  might  be  regarded  as 
a  derivative  of  a  mora  qnartzosc  modification  of  the  original  of  the 
schists.  On  the  other  band,  from  the  characters  of  [13936],  and  of  the 
bore  core  from  about  7S5(t.  in  Duff's  bore,  it  certainly  appears  to  have 
been  formerly  a  quartz  diorite,  and  as  such  may  have  been  a  more  acid 
dioritic  intrusion  into  the  original  pyroxene- felspar  rock  that  subse- 
quently gave  rise  to  the  hornblende  achiats. 

Though  both  the  hornblende  gneiss  and  the  hornblende  sehist  occur 
in  a  shaft  at  the  aouth-west  corner  of  G.M.L.  2763  and  also  in  the  Lloyd 
Cieorge  lease,  no  evidence  is  obtainable  of  their  mutual  relation,  and 
the  evidence  afforded  by  the  bore  cores  is  inconclusive.  For  tbe 
present,  therefore,   their  relation   must   remain   doubtful. 

Tn  the  case  of  the  actinolitic  hornblendite  and  the  tremolitic  ser- 
pentinous  facies,  there  is  even  less  evidence  of  the  relation  of  one  to 
the  other  or  either  to  the  surrounding  rocks.  All  that  is  known  of  the 
hornblendite  is  that  it  occurs  in  two  places;  — 

(a.)   Duff's  bore  at  427ft.     At  that  point  there  is  a  clean  break 
between   it  and   the   granitic  gneiss  that  extends   off  and 
on  from  the  180ft.,  and  at  about  466ft.  it  passes  into  the 
tremolite  aerpentinous  rock. 
(b.)   In   the  plats  in  the  shaft  at  225ft.  and  300ft.  level,  Edjia 
May  mine. 
Tn  these  localities  it  occurs  again  in  association  with  the  tremolitic 
aerpentinous  rock,  but  again  the  relation  of  the  two  rocks  to  eai-h  other 
ami  to  the  granitic  gneiss  is  obscure.     Subsequent  investigations  afford 
evidence   suggesting   that   the   hornblendite   and   the   tremolitic   sorpen- 
tinoiis  rock   are   but   facies  of  one  ultra-basic  tvpe. 

Whether  tbej  are  uitra-l'ssic  dykes  and  only  magmatic  modificationa 
ono  of  the  other,  wA„,,  r  thev  are  separate  dvkes  of  different  age,  or 
wJiefJier  the  hornh]^^^'"^  ^t  least  is  a  basic   modification  of  the  li 


blendo  Bchist—lhgg      ^f^>-(ji>8  owing  to  the  lack  of  exposures  a 
dunee  general/jr^^^  %^0^    .,4    remain   unsettled. 

The  major  ^0(      '       e    tlie    greenstone    comple.':    may,    tliere- 

to,e.  ''e  '■■'m-,]^pn,...  '    ^  teiTOS  as  one  consisting  essentially 

or  lornbhnde       'pf/    >{,/*. ,^*^  ;„  varying  proportionfi,  the  hornblende 
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sphene  is  not  at  all  an  uncommon  accessory.  Taken  as  a  whole* 
the  rock  mass  is  foliated.  It  is  highly  probable  that  this  foliation 
is  doe  to  the  invasion  of  the  main  granite  mass^  which  completely 
surrounds  the  greenstone  belt.  The  foliation  planes  are  not 
always  visible  to  the  naked  eye  in  the  finer-grained  forms,  but 
in  the  weathered,  coarse-grained  rocks  they  are  readily  discern- 
ible. Under  the  microscope  in  thin  sections,  however,  and  with- 
oit  exception,  the  rocks  are  seen  to  be  foliated.  The  planes  of 
foliation  run  approximately  parallel  with  the  granite  contact. 

In  the  mapping,  one  section  of  the  greenstones  has  been 
separated  from  the  remainder.  This  consists  of  a  narrow  belt 
of  a  rather  conspicuous  white  mottled  rock,  which  strikes  north- 
west through  the  Recovery,  Myrtle,  and  Advance  leases. 

Petrographically,  this  rocjc  does  not  differ  to  any  great 
df.LTce  from  the  main  mass  and  might  easily  be  placed  as  a  varia- 
tion of  the  latter.  However,  in  the  field  its  general  appearance  is 
so  marked  in  comparison  to  the  immediately  surrounding  rocks 
that  one  is  inclined  to  the  alternative  that  it  is  a  probable  in- 
trusion.    The  attenuated  shape  lends  weight  to  this  decision. 

Furthermore,  there  are  characteristics  from  a  mining  point 
of  view,  which  also  add  weight  to  this  decision,  for  it  is  found 
that  several  small  quartz  veins  worked  in  this  coarser-grained 
rock  do  not,  apparently,  pass  into  the  finer-grained  encasing 
rocks;  such  quartz  leaders  have  been  proved  to  contain  gold  in 
l*ayable  quantities,  though  the  reverse  applies  to  veins  immedi- 
ately outside  this  belt.  Otherwise,  there  is  no  strong  field  evi- 
dence to  supi>ort  the  differentiation  of  this  small  lens-shaped 
belt  from  the  main  mass. 

In  the  Edna  May  shaft,  and  in  ''Duff's"  bore,  a  band  of 
riiek  classified  as  a  hornblendite,  has  been  pierced,  which  is 
distinctly  more  basic  in  character  than  the  main  mass.  Unfor- 
tanately,  this  band  does  not  outcrop  at  the  surface  and  has  not 
been  intei'sceted  in  the  mine  workings  elsewhere.  Its  origin  is, 
therefore,  obscure.  However,  if  the  theory  be  accepted  that  the 
main  greenstone  belt  was  invaded  and  foliated  by  the  massive 
granite  and  that  this  took  place  after  the  greenstones  were  in- 
vaded by  the  Edna  May  gneiss,  it  follows  that  the  basic  rock  in 
'^jiestion  is,  in  all  probabDity,  an  intrusive  into  the  main  green- 
stones. For  in  the  Edna  May  gneiss  are  found  basic  dykes,  so 
elosely  allied  to  this  hornblendite,  both  in  lithological  and  petro- 
graphieal  characteristics,  that  it  would  be  difl&cult  to  conceive 
that  they  were  not  genetically  connected,  and,  therefore,  neces- 
sarily of  a  later  age  than  the  main  greenstones  and  Edna  May 
eneiss.  They  are,  likewise,  probably  of  a  more  recent  age  than 
the  main  granite  as  their  planes  of  foliation  are  not  parallel  to 
those  of  the  Edna  May  gneiss. 

Further  reference  will  be  made  to  the  basic  dykes  later  on 
in  this  report. 


EDNA    MAY    GNEISS. 

The  belt  of  rock  referred  to  in  the  pages  of  this  report  as  the 
Edna  May  gneiss  is  the  most  important  and  interesting  of  the 
rock  species  in  the  district.  Important,  because  in  it  occur  the 
principal  gold-bearing  lodes,  and  interesting  because  it  repre- 
sents a  class  of  rock  not  commonly  found  in  the  Westralian  gold- 
fields. 

The  rock  does  not  outcrop  at  the  surface,  but  is  persistently 
covered  with  an  overburden  of  recent  deposits,  varying  in  thick- 
ness from  eight  to  certainly  75  feet,  probably  more.  However, 
the  boundaries  of  the  belt  have  been  defined  with  a  fair  degree  of 
accuracy  in  the  various  mine  workings.  On  account  of  the  over- 
burden, these  boundaries  have  been  plotted  on  Plate  IX.,  at  a 
depth  of  73  feet  in  preference  to  projecting  them  to  the  present 
surface  level. 

This  plotting  shows  that  the  rock  occurs  as  an  elongated 
lens  passing  at  a  depth  of  73  feet  through  leases  2168,  2238, 
2180,  2201,  and  2570,  and  terminating,  apparently,  in  the  eastern 
end  in  lease  21G7,  and  in  the  western  in  lease  2088. 

The   maximum   width   of   the   lens   is   410   feet,   the  greatest 
developments  being  in  leases  2180,  2291,  and  2570.     To  a  vertical 
depth  of  400  feet,  the  footwall  of  the  lens  has  a  persistent  dip  to 
the  north  of  an  average  angle  of  58  degrees.  The  lens  will,  therefore 
dip  into  leases  2168,  2585,  2615,  and  2644  at  a  comparatively  shal- 
low depth.     Unfortunately,  there  is  no  evidence  available  as  to 
the  dip  of  the  hanging  wall  or  northern  side;  the  only  tAvo  places 
where  this  wall  can  be  seen  are  at  the  73-feet  level  in  the  Edna 
May  Central  mine  north  crosscut,  and  at  a  depth  of  46  feet  in. 
No.  5  shaft   in  '* Deeps''  G.M.L.  2238.     The  dip  of  the  hanginc? 
waJJ   is,    therefore,    not   known,   but   it   is   certainly   towards   the 
north. 

As  far  as  can   h^   ascertained,  the  encasing  rock  of  this  lens 

js  hornblendito,       a       -.^g   alreadv   been   stated,   this   hornblendite 

wbfJh^^^^'^  ^  ^'^^et  U    ^^^""  ^^^^  foliated  felspar  hornblende  rock 

"^vhich     ^^  ^^'e     ^^^      r    ^-^^   ^^   ^^^^   district;    any    relationship 

therefore  ^'^  ^^^^t   t  ^^/'/^^^  ^^®  ^^^^  ^^^^  ^^^^  latter  rock  series   is, 

^'^^''^^  ju'jc^^f^'^^^  )^t     yf^      1^^^    ^^    gneiss    consists    of    a    foliated 

^^^'^on'uatj'oxj     ^^^>j  ^^'^ /^         ^■^'  ^'^^^^^  ^'^  petrological  and  chemical 

y^^^y^^  or  ^      /^    v^>     %^^^     io   ^6   intermediate    between    a   quartz 

^^^'^y^JGcI  to     '^ll^^     K  J/     jT  ^  basic  granite.    Farquharson,  thousrh 

^yz7c/  ofj  //    %    \Ki         /  A^^e   classification,  writes   with   an   open 


/j^T-ef^    aj^^.^^ 


\ 


/' 


s  that  the  rock  may  be   one   of 
jitial  product  of  the  foliated  horn- 
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bltnde  ?naeiss    (the    prevailing^   greenstone  of  the  district) ;    (b)    a 
?ranodiorile ;    and    (c)    a    foliated  basic  hornblende  granite. 

In  the   upper    nxine    'workings,  where  the  rock  is  seen  in  its 

weathered    contlition,     tlie    planes   of   foliation    are    still    clearly 

marked.    The  felspars,   as  a  rule,  have  been  completely  kaolinised; 

mica  still    exists,    but     more    in   the   secondary   form   of   sericite. 

When  broken  in  the  hand,  the  rock  is  distinctly  gritty  and  is  thus 

»^a<ily  disliniruishable    from  the  weathered  products  of  the  basic 

riMjksi.     In  colour,  the   decomposed  rock  varies  from  a  grey  to  a 

redd\sh-hrowu,  but    at    times  is  almost  white.     This  latter  form 

is  due  probably  to  the  excess  and  total  weathering  and  bleaching 

fff  the  felspar.     In  the  undecomposed  zone  the  planes  of  foliation 

are  very  evident,  and  the  general  structure  of  the  rock  is  gneissic. 

Tlie  strike  of  the  planes  of  foliation  is,  approximately,  east 

and  west  with   a   sreneral   variation  of  usually  not  more  than  10 

deirrees  from  this  bearing,  with  exceptional  cases  only  of  a  greater 

angle. 

As  a  general  rule,  the  oxidised  zone  reaches  a  vertical  depth 
of  about  130  feet,  or  some  considerable  depth  below  the  present 
water  level,  which  stands  at  about  75  feet.  Portions  of  the  rock, 
however,  are  weathered  to  a  depth  of  200-250  feet,  but  this  is 
only  along  the  contacts  and  not  in  the  main  mass.  On  the  south 
hide  of  the  lens  a  small  band  of  the  gneiss  is  found  passing 
through  the  greenstones,  which  probably  represents  an  arm  of 
thr»  main  mass.  It  certainly  has  the  same  lithological  character- 
istics- Throughout  the  gneiss  occur  dykes  of  basic  rock,  pegma- 
tite«,  and,  later,  aplites;  also  innumerable  quartz  veinlets  which  are, 
at   least    in   numerous  instances,  probably  segregation   veins. 

The  nature  of  these  intrusions  has  already  been  dealt  with 
under  their  various  headings. 

Returning  to  the  question  of  origin,  there  are  certain  points 
which  arise  from  observations  m  the  field  which  may  be  taken 
^I'h  or  treated  separately  from  the  microscopic  evidence,  but 
tTill  have  an  importance  which  must  not  be  neglected.  For  in- 
stance, in  the  Edna  May  gneiss  certain  pegmatites  occur  which 
are  undoubtedly  closely  associated  to  the  containing  rock. 
Farthermore,  as  any  known  granite  mass  has  always  accompanying 
ai^physes,  it  is  only  natural  when  granite  apophyses  are  found 
t«.  look  for  the  parent  granite.  In  the  present  case  it  would 
b«-  most  unlikely  that  the  origin  of  the  pegmatites  in  the  gneiss 
♦  -.ill Id  be  trace-I  to  the  outside  granite.  There  seems  no  possi- 
bility of  this  being  the  case.  If  the  gneiss  be  accepted  as  a  dif- 
ferentiated portion  of  a  granite  magma,  in  which  hornblende, 
tliouffh  present,  be  considered  as  an  accessory  mineral,  the  sub- 
ject of  origin  could  be  easily  cleared  up;  otherwise,  from  whence 
ilo  the  pegmatites  arise  and  whence  the  gneiss!  In  certain  phases 
the  difference  between  a  §rranodiorite  and  basic  granite  is  90  small 
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that  the  nomenclature  is  merely  a  matter  of  opinion.  The  chemical 
analysis  of  the  Edna  May  gneiss  is  certainly,  as  Farquharson  points 
out,  very  similar  to  that  of  certain  recognised  granodiorites.  It 
must  be  recognised,  however,  that  in  a  much  altered  rock  mass, 
as  the  gneiss  apparently  is,  the  original  rock  may  have  under- 
gone considerable  chemical  change,  sufficient  to  turn  the  balance 
either  way.  Taking  the  evidence  as  it  stands,  it  seems  more 
than  probable,  and  certainly  more  satisfactory,  to  couple  the 
gneiss  and  auriferous  pegmatites  as  one  pair  and  the  granites  and 
aplites  as  another,  with  distinct  ages,  though,  possibly,  genetic- 
ally connected.  The  occurrence  of  gold-bearing  lodes  in  an  acid 
rock  is  not  unique  in  Western  Australian  mining,  as  commonly 
believed  and  reported.  For  example,  the  principal  mines  of  the 
Cue  district  are  in  a  granodiorite,  the  Cosmopolitan  mine  at 
Kookynie  in  granite,  and  the  principal  mines  of  Quinn's  in  a 
granodiorite. 

Two  other  instances  of  acid  gneisses  occur  in  the  district, 
one  in  the  Battler  gold  mine,  the  other  in  the  Hill  End  gold  mine, 
in  the  same  vicinitv.  There  is  a  striking  similaritv  between  these 
two  rocks  and  in  some  respects  they  resemble  the  Edna  May 
gneiss,  though  in  composition  and  structure  there  are  various  dif- 
ferences between  the  two  classes.  Farquharson  is  inclined  to  the 
idea  that  they  are  lepresentatives  of  different  magmas,  but  im- 
plies the  possibility  of  their  being  apophyses  of  the  intrusion, 
which  gave  rise  to  the  Edna  May  rock.  Certainly,  they  are  in- 
trusive into  the  greenstones,  and  are  seen  in  the  field  occurring  as 
narrow  dykes.  Unfortunately,  except  where  opened  out  in  the 
mines,  they  are  not  visible,  except  as  decomposed  fragments  on 
the  surface.  However,  their  importance  is  evident  in  that  they 
contain  lodes  which,  though  small,  are  distinctly  auriferous,  and 
for  this  reason  attention  should  be  draw^n  to  their  occurrence  in 
case  similar  occurrences  are  found  in  the  ordinary  course  of 
prospecting.  A  full  description  of  the  nature  and  composition  of 
these  rocks,  also  of  samples  taken  from  the  Edna  May  gneiss,  are 
to  be  seen  in  the  appendices. 

GRANITES   (massive  plutonic). 

The  granites  of  Westonia  bear  so  strong  a  resemblance  to 
those  of  the  Southern  Cross-Bullfinch  area,  that  they  must  be 
classified  as  probably  the  same  rock  mass. 

Setting  apart  the  numerous  acid  aplites  and  pegmatitic 
dykes,  they  can  be  classed  under  two  headings: — 

1.  Massive  varieties. 

2.  Extensive  tongues  and  bosses,  portions  of  the  massive 

portion. 
Outcrops  of  the  first  class  are  rare,  with  the  exception  of  the 
granite  knobs  found   in  the   country  lying  between   the   Rabbit 
Proof  Fence  and  Bullfinch. 
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In  tlie  vicinity  of  Westonia  there  are  three  outcrops,  one  at 
Bi-idalin  soak,  une  at  Yorkrakine,  and  the  other  near  the  magaziDe 
at  \Vestom&. 

In  the  iii'st  are  numerous  examples  of  the  greenstones  haviog 
li«-n  eausrbt  up  in  the  granite  mass,  as  can  be  seen  on  Plate  IX. 
Tije  ;rr«nit«  liere  is  a  biolite  microcline  variety,  similar  in  every 
n-;iect  to  the  Soutlicm  Cross  varieties. 


Some  of  the  "Tors"  show  a  marked  weathering',  which  is 
~  ;^tr«ted  in  Fig.  6.  Otherwise  there  is  nothing  of  significance  to 
3«jtc  about  the  occurrence. 


The  Yorkrakine  ropka  stand  out  as  prominent  landm 
and  afford  a  good  opportunity  for  the  obaer\'ance  of  se\ 
characteristics  of  the  granite  of  the  area. 


One  of  the  must  noticeable  features  to  be  observed  i 
weathering. 


Huse  flates  of  the  roek  are  seen  cracked  from  the  main 
Hiass  on  runed  faeea,  anH,  in  many  eases, have  slipped  and  fallen 
tr-im  llie  tops  to  tlic  base;  Figiirea  7,  8,  9,  10,  illustrate  this  better 
t.ian  a  written  description. 


Thioiii.'lii'i't  the  mass  patches  of  felspar  and  mica  ajrprregntes 
iji'i'iir,  H-liich  are  disconnected  and  apparently  segregations  only. 
In  one  instant  in  particular,  a  coarse-grained  pefnaatite  dyke  is 
seen     cutting    tbrough     the    mass     in     almost     a     matbematically 


straight  line.     In  two  places  this  dyke  is  faulted   (vide  Fip.  : 
Baiiic  patches,  probably  representing  caught  up  fi'agments  of 


pieenslwies  ure  not  imeoiiimon.  Tlie  ginnite  is  of  the  hi"t 
microdine  variety,  tlie  mineriils  being  fairly  unifurmly  ilist 
buted.  In  texture  tht're  is  considerable  variation,  the  felspars 
places  almost  giving  the  rock  a  porphyritie  appearance,  othem'. 


main  const Ltiieiita  are  the  same,  vii 
in  both  the  Fame  peculiarities  i 
o-peginotite  arean  and   iiicluBiona  < 


,  quart7,  niicrocline,  and  biotttc 
■e  manifested,  viz,,  vennicalar 
intergrowths  of  quartz  in  tlie 


rice,  Torkraldne  locks. 

-  between  tbe  group,  bul  these,  auch  as 
^■'  gtructiite,  tlie  presence  of  green  chloritic 
iVeiie  crystoU  in  group  (1),  are  of  minor 


With  regard  to  sphene,  this  mineral  has  not  been  observed  in  group 
1.2),  but,  on  the  other  hand,  it  is  not  observable  in  all  specimens  of 
eronp  (1).  Again,  specimens  like  [t-Jt*  "which,  according  to  field 
eviiience,  are  dykes  and  are  connected  with  the  granites  of  group  (2) 
ire,  both  in  external  appearance  and  in  composition,  strikingly  similar 
to  [-i^''.  Since,  therefore,  the  mapping  shows  the  rocks  of  group  (2) 
to  wcur  as  veins  or  apophyses,  it  is  probable  that  the  yellow  specimens 
are  but  apophysal  varieties  of  a  main  mass  of  which  the  rocks  of  group 
(1)  are  specimens.  This  being  the  case  it  would  appear,  further,  that 
the  quartz  and  quartz-felspar  pegmatite  that  form  the  ore  bodies  of 
the  main  lode  (Edna  May)  are  genetically  connected  with  the  magma 
which  gave  rise  to  the  grey  granite  (group  1).  Owing,  however,  to  the 
impossibility  of  obtaining  further  field  evidence  on  this  point,  no  posi- 
tive assertion  to  this  effect  can  be  made. 

GRANITIC  BOSSES  AND  DYKES. 

In  the  Westonia  belt,  apart  from  the  massive  granite,  gran- 
itic reeks  are  well  represented  by  bosses,  dykes,  pegmatites,  etc. 
f>wing  to  the  frequency  of  occurrence,  and  to  the  fact  that  one 
variety  is  highly  auriferous,  the  granite  dykes  have  an  important 
h?aring  in  mining  operations.  It  has  been  noted  by  the  writer 
trom  personal  conversations  with  mining  men  in  general,  on  the 
ueld,  that  there  is  a  great  diversity  of  opinion  as  to  what  these 
sranitie  dykes  really  are  and  what  their  relationship  is  to  the 
other  members  of  the  rock  series.  On  this  account,  it  is  considered 
♦expedient  to  give  here  a  resume  of  the  modem  conception  of  their 
origin,  with  special  reference  to  the  more  important  pegmatitic 
forms. 

In  the  area  under  review  there  are  several  distinct  forms  of 
::ranitie  rock,  the  more  important  being: — 

1.  Bosses  and  arms  of  practically  normal  granite. 

2.  Coarse-grained    pegmatites    in   which   mica,    felspar  and 

qaartz  are  in  usual  proportions. 

3.  Aplites,   fine-grained    granites,    in  which  mica  is  absent, 

and  in  which  the  felspar  is  sometimes  very  coarse; 
in  other  cases,  the  quartz  and  felspar  is  scarcely 
separable  in  hand  specimens. 

4.  A    very  acid  form  of  pegmatite   in  which   tJie   felspar 

and  mica  are  wholly,  or  almost  wholly,  absent,  the 
dyke  assuming  the  character  of  a  quartz  reef. 

Of  the  fir&l  class,  the  best  example  of  a  boss  is  to  be  found 
at  the  back  of  the  old  townsite.  Here  we  find  a  large  conspic- 
uous outcrop  of  normal  granite  which,  with  its  arms,  are  wholly 
surrounded  by  greenstone.  This  boss  is,  without  doubt,  a  portion 
of  the  main  granite  mass,  which  has  broken  up  as  an  isolated 
raass  in  the  greenstones.  The  tongues  or  arms  branching  from 
this  mass  are  usually  seen  to  be  of  the  same  nature  as  the  main 
boss,  though  some  of  the  smaller  dykes  are  distinctly  coarse-grained 
Kod  pegmatitic  in  character. 
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On  the  main  granite-greenstone  contacts,  numerous  massive 
dykes  of  normal  granite  are  found,  which  again  must  be  placed 
as  arms  of  granite  directly  connected  to  the  main  body. 

These  do  not,  as  a  rule,  extend  any  great  distance  into  the 
greenstones  in  the  form  of  normal  granite. 

PEGMATITES  AND  APLITES. 

These  rocks,  which  occur  more  or  less  as  narrow  dykes, 
breaking  through  all  the  other  types,  with  probably  the  exception 
of  the  sedimentary  metamorphic  series,*  represent  the  last  phase 
of  intrusive  activity  in  the  Westonia  district. 

At  the  surface  they  are  comparatively  seldom  seen  outcropping 
for  any  great  length  but  can,  nevertheless,  be  often  traced  by  scat- 
tered fragments  for  considerable  distances.  Sometimes  areas  are 
met  with  where  the  surface  is  littered  with  fragments  of  these  rocks, 
and  these  are  probably  due  to  the  disintegration  of  a  dyke  which 
has  been  lying  more  or  less  parallel  to  the  surface,  since  it  is  found 
in  the  mine  workings  that  many  instances  occur  in  which  the  dykes 
are  almost  horizontal. 

That  they  are  numerous  is  evidenced  by  their  frequent  occur- 
rence in  mine  workings  and  bore  cores. 

They  vary  in  size  from  thin  veins  one  to  two  inches  thick  up  to 
massive  dvkes  of  20  to  30  feet  in  thickness. 

In  composition  and  texture  there  is  also  a  wide  range  of  varia- 
tion, from  coarse-grained  pegmatites  in  which  mica  and  felspar  are 
both  present  or  the  mica  absent,  to  fine-grained  aplites  almost  fel- 
sitic  and  a  combination  of  both  in  the  one  dyke,  the  felsitic  portion 
forming  the  marginal  facies.  This  variation  in  texture  and  com- 
position is  often  coincident  with  the  thickness  of  the  vein. 

Thus  we  find  the  thin  dykes  almost  invariably  aplitic  and  fre- 
quently felsitic  in  structure,  and  though  certainly  at  times  they  are 
coarse-grained,  in  such  instances  mica  is  almost  wholly  absent, 
whilst  the  thicker  dykes  are  persistently  more  regular  in  grain  and 
the  minerals  more  uniformly  distributed.  The  latter  are  more 
closely  allied  to  a  normal  granite  in  structure  and  composition, 
tliougli  the  mica  is  always  below  the  normal  quantity.  In  several 
instan(*t?s  sections  have  shown  the  dyke  rock  with  inclusions  of  the 
invaded  rock  thus  proving  the  intrusive  nature  of  the  former.  As 
regards  the  strike  and  dip  of  the  acid  dykes  there  is  no  general  rule. 

Certainly  in  the  p]dna  May  and  Central  mines  several  of  the 
main  dykes  have  a  general  north-east,  south-west  strike  with  a  vari- 
able dip  to  the  south-east,  but  when  followed  any  distance  even  these 
dykes  often  vary  in  direction  and  dip  considerably  in  a  few  feet. 
In  the  granitic  areas  where  the  massive  granite  comes  to  the  surface 
such  as  at  Yorkrakine  rocks,  etc.,  the  pegmatitic  structure  of  por- 
tions of  the  granite  can  be  well  observed.  At  Yorkrakine,  in  par- 
ticular,  one  can  see  irregular  masses  of  felspar  and  quartz  with 

*  They  liavc  not  been  observed  In  the  sedimentary  area. 
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potefaes  of  biotite  scattered  tfaronghmit  the  rock  mass.  Such  have 
not  had  the  opportunity,  when  forming^  of  filling  a  crack  and  there- 
bj  forming  a  vein,  but  have  crystallised  out  in  the  rock  mass  in  ir- 
res^ar  masses.  However,  in  some  eases  such  residuals  have  found 
A  way  into  fissoreB,  and  are  then  seen  as  normal  dykes.  A  photo- 
ETaph  of  one  of  these  illustrates  this  point  clearly*. 

The  chief  point  to  note  about  their  occurrence  is  their  com- 
paratively negative  effect  on  the  rocks  they  pierce.  As  has  already 
heen  stated,  they  invade  all  the  plutonic  and  intrusive  rocks,  also 
the  quartz  Veins  and  lodes.  It  has  been  stated  by  some  of  the  mine 
managers  that  local  enrichments  occur  in  the  lodes  near  the  position 
at  whieh  the  dyke  passes  through  the  latter.  Certainly  in  one  portion 
(»f  the  Edna'  May  lode  this  seems  to  be  the  case,  but,  as  a  general 
rule,  this  enrichment,  if  existing,  is  not  so  apparent  as  in  other 
lofalities  in  the  Yilgam  gpldfield  and,  from  a  mining  point,  is  al- 
DKist  negligiUe.  With  one  exception  faulting  along  the  plane  of 
the  dyke  is  absent  and,  even  in  this  exception,  the  throw  of  the 
fault  is  insignificant  and  has  iiot  caused  the  mining  complications 
whieh  have  occurred  under  similar  conditions  for  example,  in  the 
Man'd  Loch  district.    In  no  instance  are  the  acid  dykes  foliated.^ 

The  acid  dykes  in  the  Edna  May,  Central,  and  Deeps  mines 
have  nevertheless  been,  or  will  be  probably,  the  cause  of  serious 
vater  troubles  to  mining  operations.  This  question  will  be  dealt 
with  when  writing  abont  the  mines  themselves.  Other  than  this,  the 
add  dykes  are  of  no  significance  from  a  mining  point  of  view,  for 
though  they  have  been  found  carrying  traces  of  gold,  probably 
original,  the  gold  has  occurred  in  such  small  quantities  as  not  to 
warrant  serious  consideration. 

Farquharson,   in  summing  up   the  white  granites  and  aplited 

ret  en  to  them  in  the  following  terms:— 

In  general,  therefore,  the  roeks  are  white  in  colour,  vary  in  grain 
from  fairly  coarse  to  a  fineness  which  is  almost  feldtic  They  consist 
of  felspar  and  quartz,  the  former  being,  in  places  largely  mierocline, 
^  in  places  orthoelase,  and  another  acid  plagioclaae.  Only  rarely  do 
a  few  scales  of  brown  biotite  and  green  chlorite  appear.  In  one 
iutaaee,  Le.,  at  243ft.-251ft.  in  the  No.  3  bore  (Edna  May),  the  granite 
or  aplHe  contains  small  red  garnets. 

For  detailed  references  see  appendices. 

The  local  names  for  these  dykes  is  legion.  For  example,  when 
mica  is  conspicuous  in  a  dyke  it  is  designated  a  ^'mica  bar,"  aplites 
vhen  fine-grained  are  often  known  as  ^'quartzites,"  whilst  if  the 
fdspar  in  the  coarse  varieties  is  at  all  conspicuous  'limestone"  is 
Dot  at  all  an  uncommon  name.  It  is  evident,  therefore,  that  in  some 
eases  at  least,  there  is  a  rather  weird  conception  as  to  the  nature 
Old  origin  of  pegmatites  and  their  allied  forms. 

The  fourth  and  most  important  variety  of  pegmatites  is  the 
oltia  acid  or  quartz  form,  the  quartz  reefs  of  the  Edna  May  group 
which  are  the  important  lodes  of  the  district. 
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It  will  be  patent  to  any  reader  tl^t  the  bosses  and  normal 
granite  arms  are  merely  portions  of  t)ie  main  granite  mass  which 
have  broken  through  the  greenstones  in  the  ordinary  well-known 
manner  of  invading  rocks.  The  occurrence  is  simple  and  the  rocks 
easy  of  recognition. 

This  does  not  hold  for  the  pegmatites  which  vary  so  much  in 
texture  and  composition,  especially  ii^  the  extreme  phases.  For 
many  years  the  origin  of  pegmatites,  and  incidentally  of  the  ultra 
acid  or  quartz  varieties,  has  been  the  isubject  of  much  controversy 
amongst  numerous  writers  on  the  subje(/t.'  In  fact,  the  literature  on 
this  topic  is  so  extensive  that  it  is  imppssible  to  more  than  briefly 
summarise  the  individual  theories.  Taken  collectively,  there  seems  to 
be  a  consensus  of  opinion,  especially  amongst  modem  writers  on  tlic 
subject,  that  in  any  rock  mass,  before  solidification,  the  component 
minerals  are  liable  to  separate  more  or  less  one  from  the  other,  and 
thus  form  zones  in  which  certain  minerals  are  predominant.  This 
is  known  as  differential  crystallisation.  On  cooling,  these  segrre- 
gated  products  crystallise  out  or  solidify  in  certain  order,  the  more 
acid  constituents  being  the  last  to  solidify.  Such  is  termed  mag- 
matic  segregation.  Hence  in  a  granite  magma  or  molten  mass  the 
acid  or  quartz  portion  would  be  the  last  to  solidify.  Furthermore, 
an  important  factor  in  the  solidifying  of  any  rock  mass  is  the  cast- 
ing off  by  the  portion  solidifying  of  surplus  water  vapour  which, 
mixing  with  the  siliceous  or  quartz  residuum,  makes  the  latter  more 
mobile. 

Vogt,*  in  criticising  this  process,  writes: — 

By  reason  of  the  greater  superior  mobility  of  the  aqueous  solutions 
as  compared  with  the  magma,  these  segregations  may  send  out  branches 
in  the  form  of  the  finest  apophyses; 

A  second  theory,  which  has  few  supporters,  as  to  the  origrin  of 
pegmatites  has  been  advanced  by  Williams t  from  his  study  of 
the  occurrences  in  Maryland.  These  investigations  led  him  to  the 
conclusion 

that  both  segregation  and  intrusive  pegmatites  quite  similar  in  api)ear- 
ance  appear  side  by  side. 

Crosby  and    Fuller t  disagree  with  Williams,  and  consider  but 

one  origin  "the  end  product  of  differentiation";  further,  that 

In  every  pegmatitic  district  there  is  one  normal  plutonic  rock  of 
essentially  similar,  but  slightly  less,  acid  composition,  and  with  which 
the  pegmatite  is  most  intimately  associated,  into  which  it  may  be  traced, 
and  from  which  it  has  evidently  been  derived 

SpurrJ  states  that 
the  modem  conception  is  that,  in  a  broad    sense,  the    pegmatites    are 
igneous  rocks,  but  it  is  the  part  which  water  has  played  in  their  forma- 
tion that  has  so  strongly  differentiated  them  from  other  igneous  types. 

*  Problems  In  the  geoloRy  of  ore  deposits.  Trans.  XXXI.,  p.  133,  1901. 

t  General  relations  of  the  granitic  rookff  in  the  Middle  Atlantic  Plateau.    16th  Ann. 

Rep.,  U.S.  Geol.  Sunr.,  pp.  657-684  (1893-4). 
t  Origin  of  pegmatites  Technology,  Quart.  Vol  IX.,  pp.  326-356  (1896). 
{  TJ.8.  Geol.  Surv.,  Prof.  Paper  55,  pp.  327  (1906). 
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The  same  author,  in  stunining  up  the  evidence  as  to  the  origin 

of  quartz  veins  of  magmatic  origin,  (Contends  that: — 

Pegmatites  are  eoarselT'  ciystalliiie  rocks  whieh  show  dose  relation- 
eldps  with  ordinary  igneous  rocks,  such  as  granites  on  the  one  hand, 
and  with  veins,  sneh  as  are  known  to  he  due  to  precipitation  from 
aqueous  solution,  on  the  other.  Hence  there  has  heen  much  perplexity 
and  eontention,  some  referring  them  to  the  igneous  rocks  and  calling 
them  ^kes,  others  insisting  that  they  are  aqueous  and  true  veins.  But 
cbt*  lat<^st  eaeavB  on  the  subject  agree  that  pegmatites  are  formed  in- 
t^rmediate  between  those ;^'hich  govern  the  formation  of  siliceous 
"igneous''  rocks  like  granite,  and  those  under  which  quartz  veins  are 
formed.  There  is,  in  short,  no  line  of  demarcation  in  nature  corres- 
ponding to  our  artificial  and  arbitrary  one  between  igneous  rocks  and 
certain  aqueous  veins,  between  granite  and  certain  masses  of  quartz.* 

In  support  of  the  above  theory  it  may  be  well  to  note  here 
that,  in  certain  cases,  granitic  dykes  have  been  definitely  followed 
tiirough  the  successive  stages  to  pure  quartz. 

One  local  example  of  this  has  been  already  noted  by  the  writer 
in  the  Londonderry  district,  t 

Apart  from  the  foregoing  classification  of  the  various  granitic 
•lykes,  bosses,  etc.,  according  to  their  composition  and  physical 
rhsracteristics,  a  further  and  fairly  definite  separation  may  be 
made  when  their  relative  geological  ages  are  considered. 

Considered  from  this  point  of  view  they  naturally  resolve 
ttiemselves  into  two,  probably  three,  series. 

Of  these,  the  oldest  would  be  those  belonging  to  the  bosses  and 
^ramte  dykes,  and  arms  contemporaneous  with  the  formation  of 
the  main  granite  mass. 

Probably  later,  and  certainly  not  earlier  than  this,  the  forma- 
tion oi  the  pegmatitic  qnartz  reefs  in  the  Edna  May  gneiss  took 
f>laee,  whilst  at  a  much  later  date  we  have  most  of  the  aplites  and 
pegmatites  which  are  found  passing  through  all  the  other  rock 
formations  and  thereby  representing  the  last  stages  of  intrusive 
activity  on  the  field. 

Mieroseopic  descriptions  of  samples  taken  from  the  individual 
rock  types  are  to  be  found  in  the  appendices. 

Further  details  of  the  occurrences  of  the  aplites  and  quartz 
reefs  will  be  given  in  discussing  the  individual  mines. 

BASIC  DYKES. 
In  the  Edna  Mlay  group  of  mines  several  basic  dykes  have  heen 
intersected  in  the  various  underground  workings  and  bore  cores. 
Furthermore,  in  several  instances  basic  rocks  have  been  encoun- 
tered and  partially,  but  not  completely  pierced,  thus  leaving  it  in 
doubt  as  to  whether  sucii  occurrences  are  of  the  dyke  class  as  in 
the  first  case,  or  whether  they  represent  portions  of  the  main  basic 

rock.    In  each  instance  when  a  sample  of  basic  rock  was  obtainable 

■ 

*  Sparr-Igneoat  rocks  as  related  to  oocorrence  of  ores.    Transactions  Am.  Institute, 

HLfL^  Vol.  SS,  pp.  812. 
t  Ban.  58,  G.8.W.A..  p.  17.    Perth:   by  Authority,  IMS. 
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it  was  microscopically  examined,  and  this  has  led  to  the  following 
classification  of  two  distinct  varieties,  with  a  possible  bnt  doubtful 
third: — 

Type  1:  , 

Under  the  heading  of  basic  rocks  reference  was  made  to  a  band 
of  hornblendite  lying  on  the  footwall  of  the  Edna  May  gneiss. 

Type  1  represents  a  similar  class  of^i-ock  in  the  form  of  (A)* 
an  undoubted  dyke,  (B)  several  intersections  of  basic  rock  which  are 
pi-obably  portions  of  the  hornblendite  babd. 

The  dyke  lies  in  the  south-eastern  portion  of  the  Edna  May 
mine,  at  the  end  of  the  main  lode. 

It  has  been  intersected  in  the  following  mine  workings: — 

Edna  May: 

150ft.  level- -Number  3  south  crosscut,  and  south  crosscut  near 
main  shaft. 

225ft.  level — South-west  crosscut  and  south-east  crosscut. 
300ft.  level — At  end  of  main  crosscut. 

Edna  May  Deeps: 

485ft.  level — in  No.  1  winze,  near  main  shaft. 

In  no  case  has  the  thickness  of  this  dyke  been  greater  than 
4-5  feet,  while  at  the  300ft.  in  the  Edna  May  it  is  not  more  than 
two  feet. 

The  rock  throughout  is  slightly  foliated,  the  planes  of  foliation 
being  parallel  to  its  walls.     This  is  probably  due  to  shearing. 

At  the  485ft.  level  in  the  "Deeps"  the  rock-  is  comparatively 
fresh,  but  from  the  300ft.  upwards  is  patchy,  some  portions  being 
friable  to  the  touch. 

So  far,  this  dyke  has  been  an  important  factor  in  both  mines, 
as  it  apparently  controls  the  south-western  extension  of  the  main 
lode. 

In  the  ends  of  the  west  drive  and  main  crosscut  in  the  Edna 
May  at  the  150ft.  level,  the  depressed  bore  300ft.  level  Edna  May, 
the  depressed  bore  in  Deeps  from  the  240ft.  level  and  the  footwall 
of  the  485ft.  level  Deeps,  a  similar  rock  to  that  of  the  dyke  rock 
has  been  cut  but  not  passed  through. 

Some  doubt  exists,  of  course,  as  to  whether  such  occurrences 
may  not  be  dykes,  but,  in  the  writer's  opinion,  they  will  probably 
prove  to  be  the  intersections  of  the  hornblendite  band  previously 
referred  to.  There  is  so  strong  a  resemblance  between  the  rock  at 
these  intersections,  the  dyke  and  the  hornblendite,  that  they  must 
all  be  classed  as  one  and  the  same  rock  and,  therefore,  as  different 
from  the  prevailing  foliated  hornblende-felspar  types.  As  re- 
gards the  a8:e  of  the  hornblendites,  there  is  no  doubt  that  they  are 
later   than    the    Edna   May  gneiss   and   the    Edna    May     Central 

•  Plates  XV.  and  XVI.  ' 
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Deeps  kde,  for  the  dyke, can  be  seen  in  its  passage  through  both 
of  theee  roeks.  They  are^  however^  older  than  the  aplites,  for  the 
latter  dearly  pass  through  the  homblendites. 

Further  reference  will  be  made  in  the  descriptions  of  the  indi- 
vidual mines  as  to  their  possible  influence  over  the  lodes. 

Ttpe2: 

This  class  is  represented  by  one  dyke  which  is  found  in  the 
depressed  bore  in  ''Deep^"  at  a  vertical  depth  of  344  feet;  ,jn  ^e 
Edna  May  "Deeps"  shaff  at  344  feet,  and  Duff's  bore  at  a  depth 
of  304  feet. 

According  to  the  depths  at  which  this  dyke  has  been  eut^  jit 
follows  that  it  must  be  approximately  horizontal  with  a  slight  dip 
to  the  north-west.  A  good  section  is  to  be  found  in  "Deeps"  shaft, 
where  its  intrusive  nature  is  clearly  seen,  the  planes  of  foliation  of 
the  dyke  being  at  an  angle  readily  distinguishable  from  those  of 
the  gneissic  granite  (Edna  May  gneiss). 

Apparently  the  average  thickness  is  from  two  to  four  feet. 
As  far  as  is  known,  it  is  unimportant  from  a  mining  standpoint. 
The  rock  has  been  classified  as  a  variety  of  amphibolite  in  which 
the  felspar  and  hornblende  occur  in  varying  proportions. 

Type  3  (doubtful) : 

Passing  through  the  Edna  May  lode  is  a  narrow,  extremely 
weathered  basic  band  of  rock,  an  undoubted  basic  dyke.  Unfor- 
tunately in  no  case  could  specimens  be  gathered  from  its  inter- 
sections, which  were  sufficiently  fresh  for  decisive  microscopic 
diagnosis.  The  dyke  is  unimportant,  and  passes  out  of  the  mine 
woiidngs  at  the  245ft.  level. 

In  the  appendices  full  microscopic  descriptions  are  to  be 
found,  whilst  in  the  plans  and  sections  the  course  of  the  dykes,  etc., 
have  been  portrayed. 

In  addition,  the  official  numbers  thus  [^1^1  have  been  placed 
on  the  plans,  and  these  will  be  found  to  correspond  with  those  in 
the  appendices. 

STJPEBFICIAL  DEPOSITS. 

Scattered  over  the  greater  portion  of  the  field  are  deposits  of 
**cenient/'  loose  loam,  sand,  etc.,  the  result  of  the  wearing  away  of 
tmderiying  roeks  by  comparatively  dry  denudation.  At  times  these 
take  the  form  of  lateritic  deposits,  both  the  siliceous  and  ferru- 
ginous varieties  being  represented.  Laterites  are,  however,  com- 
parativdy  rare  and,  when  found,  usually  occur  in  isolated  patches 
on  the  higher  ground,  and  represent  the  remnants  of  probably  very 
mnch  more  extensive  beds. 

little  18  known  about  the  depth  or  character  of  the  superficlals. 
It  is  diaiacteristic  of  the  siliceous  laterites  to  overlie  granite,  and 
almost  equally  so  for  the  feiroginous  varieties  to  be  found  on  the 
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top  of  the  more  basic  rocks.  However,  the  resorting  and  redistri- 
bution of  the  laterites  and  the  formation  thus  of  the  lower  lepvel 
lateritic  deposits  from  their  original  formations  often  tends  to 
these  general  rules  being  broken. 

The  auriferous  nature  of  surface  deposits  has  already  been 
referred  to  in  a  report  on  the  southern  area  of  the  Yilgam  gold- 
field  at  Marvel  Loch.*  ' 

The  one  instance  in  which  payable  gold  has  been  discovered  in 
an  alluvial  deposit  at  Westonia  occurs  in  the  Edna  May  Central 
mine.  Reference  to  the  extent  and  nature  of  this  deposit  will  be 
found  included  in  the  detailed  description  of  that  mine.  Suffice  it  to 
say  here,  the  evidence  is  such  as  to  demonstrate  that  the  detritus  in 
the  deposits  has  not  travelled  any  great  distance  or  been  subject 
to  any  definite  sorting,  for  in  no  instance  were  the  pebbles  found 
to  be  anything  much  more  than  sub-angular,  and  they  were  invari- 
ably intermixed  with  the  kaolin  and  ferruginous  material,  forming 
an  indefinite  mixed  deposit.  Gold  is  found  both  in  the  quartz  pebbles 
and  cementing  material,  the  richer  sections  being  where  the  quartz 
pebbles  predominate. 

X.— MINES  OF  THE  BULLFINCH  BELT. 

The  mines  of  the  Bullfinch  belt  may  be  classified  under  three 
headings,  according  to  the  nature  of  the  ore-bodies  being  worked : — 
(1.)  Those  containing  quartz-haematite  schists. 
(2.)   Those  containing  dolomitic  lodes. 
(3.)   Those  containing  quartz  reefs  and  veins. 

QUARTZ-HAEMATITE    SCHISTS. 

On  plates  6,  7,  and  8  it  is  evident  that  this  class  of  lodes  ex- 
tends throughout  the  whole  length  of  the  northern  portion  of  the 
Yilgarn  goldfield,  and  continues  southward  as  far  as  Cheriton's.t 

The  series,  with  minor  exceptions,  persistently  hugs  the  eastern 
granite  contact.  Though,  as  a  general  rule,  auriferous,  the  depo^iits 
seldom  contain  sufficient  gold  to  be  payable  as  mining  ventures. 
Certainly  the  Bullfinch  "main"  and  "southern  series"  of  lodes  have 
been  profitably  worked,  but  these  are  exceptions  to  the  rule,  the 
enrichment  being  due  to  extensive  local  faulting.t 

This  faulting  has  rendered  it  possible  for  solutions  to  circulate 
through  the  original  ore-bodies,  and  by  this  agency  certain  2ones  in 
the  Jodes  have  been  considerably  altered.    Incidentally,  during  this 
process  the  gold  contents  have  been  concentrated. 

'^^ike  conditions  have  not  been  noted  in  any  other  area  than  th^ 

^"ii finch  along  this  extended  zone  in  which  the  quartz-haematjte 

se  lists   occur.     Certainly,  in  some  of  the  blanks  on  the  plates  re- 

errca  to,  similar  condition^  ^^y  ®^^^*  *^°^  ^®  ®^^  covered  over,  but 


r  -Btali."    SI*  P-  101-    Perth;   by  Al^t****^*^*  ^®**- 
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9ii€b  are  not  efvident  al  the  surface,  In  fact,  rather  the  reverse 
was  noticeable,  the  regidarity  of  the  deposits  being  most  pro- 
Donneed. 

DOLOMITIC  LODES. 
Of  the  dolomitic  deposits  one  only  has  been  worked,  viz.,  the 
'^northern  series"  of  the  Bullfinch  mine.  This  lode  has  been  the 
raainstav  of  the  mine  and  has  been  developed  to  a  vertical  depth  of 
500  feet.  The  lode  is  .a  typical  example  of  replacement,  and  al- 
though the  gold  contents  are  largely  dependant  on  a  secondary 
enhdunent,  due  to  the  introduction  of  quartz  veins,  the  deposit  as 
a  whole  is  an  important  addition  to  the  other  varieties  of  gold- 
bearing  lodes  of  the  district 

QUABTZ   REEFS   AND   VEINS. 

There  are  three  varieties  of  quartz  reefs  represented. 

First  there  are  the  large  low-grade  quartz  reefs,  such  as  at 
Hope's  Hill,  Corinthian,  etc.  Associated  with  these  are  narrow 
quartz  veins  usually  carrying  higher  gold  values,  but  small  and 
nsually  erratic  in  habit.  Closely  allied  to  these  are  the  quartz  veins 
so  common  in  the  southern  areas  and  invariably  found  associated 
with  the  quartz-haematite  schists.  The  occurrence  of  these  in  the 
Dortfaern  area  is  not  nearly  so  common  as  in  the  southern  portion 
of  the  belt ;  yet  they  are  of  extreme  importance  to  the  prospector, 
producing  at  times  considerable  quantities  of  remunerative  milling 
^one.  One  or  two  minor  examples  of  quartz  veins  in  acid  dykes 
have  been  noted  but  are  not  of  any  great  importance. 

The  following  are  detailed  descriptions  of  the  mines  which 
were  accessible  for  inspection.  Unfortunately,  these  were  few  in 
number,  most  of  the  old  workings  opened  up  in  the  boom  days  hav- 
ing been  abandoned. 

It  should  be  noted  that,  without  exception,  all  the  gold-pro- 
dneing  lodes  and  veins  lie  in  or  near  the  zone  in  which  occur  the 
qaartz-haematite  schists.  Furthermore,  the  only  rocks  which  carry 
^Id-bearing  lodes  are  the  greenstones,  and  in  one  instance  an  acid 
dyke,  the  massive  granite  and  sedimentary  series  so  far  being 
proved  to  be  barren. 

CORIXTHIAN    AND    COBINTHIAN   NoRTH    OOLD   MiNE,    G.M.Ls.    896, 

893. 

Location. — This  mine  is  situated  at  a  distance  of  11  miles  north 
of  Southern  Cross  and  lies  one  mile  to  the  west  of  the  Bullfinch- 
SoDthem  Cross  main  road. 

Geologically,  its  position  is  on  the  contact  of  the  main  mas- 
sive granite  and  the  greenstones. 

Geology. — Several  distinct  groups  of  rock  occur  on  the  above 


Vid0  Plate  X. 
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(a.)  Granite. — ^Massive  granite  of  a  distinctly  gneissic  type  lies 
to  the  immediate  east  of  the  main  workings  and  forms  the  footwall 
of  the  lodes.  The  gneiss  is  probahly  the  selvedge  of  the  main 
Southern  Cross  granite. 

(b.)  Foliated  amphibolites  (greenstones)  form  the  western  or 
hanging  wall  rock.  This  rock  has  been  fully  described  in  the  pre- 
vious pages  of  the  present  report  under  the  heading  "greenstones.^' 

Occurring  as  they  do  on  the  Corinthian  leases,  the  rock  presents 
the  phase  of  extreme  foliation,  especially  in  the  immediate  vicinity* 
of  the  lodes. 

(c.)  Granite  dykes. — These  are  represented  by  two  narrow 
dykes  in  the  100ft.  workings.  The  felspars  have  been  completely 
weathered  and  the  rock  is  only  recognised  by  the  disintegrated 
grains  of  quartz.  Mica  is  almost  wholly  absent,  minute  traces  alone 
remaining. 

(d.)  Dolerites. — ^Fairly  fresh  examples  of  this  rock  occur  as 
dykes.  Of  these  the  main  one  is  found  outcropping  to  the  east  of  the 
main  shaft.  It  is  also  seen  in  No.  5  shaft  at  the  100ft.  levdi,  and  in  the 
main  shaft  at  200ft.  level,  where  it  attains  a  thickness  of  24  feet. 
Four  other  dykes  of  a  similar  character  are  intersected  in  the  mam 
south  drive  at  the  100ft.  level.  The  general  strike  of  all  is  north- 
west south-east  with  a  dip  to  the  south-west  at  a  fairly  steep  angle. 
There  is  little  doubt  that  these  dykes  are  the  newest  rock  of  the 
series  and  will  be  found  invading  all  other  members.* 

Lo'des. — Sandwiched  between  the  granite  and  amphibolites  are 
extensive  lenses  of  quartz  and  quartz-haematite  schists. 

Quartz-haematite  Schists, — The  quartz-haematite  schists,  which 
have  the  prevailing  lens  shape,  represent  a  portion  of  the  main 
series  found  in  an  almost  continuous  line  from  Cheritons  to  the 
northern  extremity  of  the  Bullfinch  belt.  Although  classified  here 
as  a  lode  on  account  of  the  presence  of  gold  and  gold-bearing  min- 
erals, the  rock  is  not  being  worked  as  such,  being  too  low  grade  to 
be  profitably  treated. 

The  origin  and  nature  of  quartz-haematite  schists  has  already 
been    fully    discussed. 

Locally  the  rock  is  known  as  "biscuit  rock"  on  account  of  the 
colour  and  the  fact  that  in  and  near  the  surface  the  weathered 
portions  break  into  flat  yellow-coloured  pieces,  supposed  by  some 
to  resemble  certain  forms  of  edible  biscuits. 

Quartz  lodes. — These  come  under  two  headings— (a)  the  mas- 
sive or  main  lodes;   (b)  smaller  quartz  veins  or  laterals. 

Main  Quartz  lodes. — There  are  two  main  quartz  lenses,  strik- 
ing approximately  parallel  to  the  granite  greenstone  contact  and 
underlying  very  slightly  from  the  vertical  towards  the  west. 

Of  the  two  the  northern  is  by  far  the  most  important  and  in  it 
the  main  workings  occur. 

*  For  further  detoUa  am  appendices. 
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Practieally  all  the  quartz  for  that  portion  of  the  lode  in  lease 
89(S  and  partly  in  the  northern  end  of  lease  893  has  been  open-cut 
10  the  100ft.  level  and  sent  to  the  mill.  The  width  taken  in  places 
was  as  great  as  25  feet. 

An  this  ore  was  oxidised.  As  the  accompanying  returns  show, 
the  gold  eontents  were  extremely  low,  yet  payable.  Unfortunately, 
sulphides  made  their  appearance  in  the  northern  end  of  the  drive 
at  the  100ft.  level,  and  although  the  top  of  the  sulphide  zone  pitched 
away  to  the  south,  the  stock  of  payable  oxidised  ore  was  thereby 
diminished,  contrary  to  original  expectations. 

It  seems  possible  that  the  zone  of  oxidation  was  influenced  by 
the  main  dolerite  dyke,  and  it  will  probably  be  found  that  the 
top  of  the  sulphide  zone  is  parallel  to  this  dyke. 

Bdow  the  100ft.  level  in  the  sulphide  zone,  the  gold  values 
were  found  to  be  erratic  in  occurrence.  At  first  it  seemed  as  if 
they  were  also  pitching  south,  but  mine  developments  did  not 
substantiate  this  idea,  but  rather  tended  to  prove  that  the  gold 
occurred  irregularly  in  more  or  less  flat  indefinite  zones.  Unfor- 
tunately, before  a  conclusion  could  be  arrived  at  on  this  point, 
the  mine  dosed  down.  Even  in  the  upper  levels  the  southern  por- 
tion of  the  main  levels  did  not  yield  payable  stone  in  any  quantities 
under  existing  mining  conditions. 

For  the  most  part  the  main  quartz  lens  is  a  solid  compact  body 
of  stone,  but  in  certain  zones,  especially  near  the  boundary  between 
the  two  leases,  it  is  much  broken.  As  this  particular  spot  is  not 
far  removed  from  the  four  dolerite  dykes  previously  referred  to,  it 
is  seareely  to  be  wondered  at.  There  is  no  sign  of  local  enrichment 
in  this  vicinity. 

Maresaite,  pyrrhotite,  and  ordinary  pyrites  are  the  principal 
sulphide  minerals  in  the  sulphide  ore. 

Pyrrhotite  occurs  in  such  quantities  as  to  seriously  hamper  the 
extraction  of  the  gold  by  direct  cyanide  treatment.  The  minerals 
are,  as  a  rule,  fairly  well  distributed  throughout  and  occur  in  small 
reins  and  bunches. 

Quartz  veins, — Several  quarts  veins  have  been  found  on  the 
western  side  of  the  main  channel.  Two  at  least  of  these  are  prob- 
ably eonnected  directly  with  the  main  lens,  but  the  others  are 
parallel  veins  filling  minor  shear  planes  in  the  adjacent  greenstone. 
Thoagfa  of  a  higher  grade  in  gold  they  are  too  small  to  be  of  any 
intrinsie  value  to  a  large  low-grade  mining  concern. 

Treatment— ^Hie  oxidised  ore  was  rough  crushed  in  an  ordin- 
ary wet  stamp  mill,  fine  ground  in  two  tube  mills  16  feet  by  foar 
feety  then  direct  eyanided  and  finally  treated  in  an  improved  Ridge- 
way  filter. 

When  it  became  necessary  to  treat  the  sulphide  ore,  two  Newell 
No.  8  ball  mills  were  installed,  the  ore  dry  ground,  and  roasted  in 
two  Edwards'  furnaces  having  a  length  of  149  'feet  with  60  rabbles 
eaeb.  The  after  treatment  of  the  sulphide  ore  is  similar  to  that  of 
fbe  oxidised  portion. 
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That  this  venture  was  not  a  success  is  regrettable  from  several 
standpoints,  one  amongst  others  being  that  the  proposition  was  one 
of  the  lowest-grade  mines  of  its  claSs  in  the  State.  Had  it  been 
successful  it  would  certainly  have  given  encouragement  to  prospect 
and  develop  similar  deposits  elsewhere. 
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Bullfinch  Pbopribtaby  Gold  Mine,  G.M.Ls.  960,  916,  915,  926, 

928,  914,  942. 

Location, — The  Bullfinch  Proprietary  gold  mmes  are  situated 
near  the  township  of  Bullfinch,  which  lies  near  the  Southern  Cross- 
Jmekson  road  at  a  distance  of  22  miles  north  of  Southern  Cross. 

History. — Gold  was  first  reported  as  having  been  discovered  in 
the  loeality  by  C.  Jones,  the  working  partner  of  a  syndicate  formed 
by  D.  L.  Doolette  and  others  to  prospeet  the  country  north  of 
Southern   Cross. 

Jones'  application  for  a  mining  leases  was  lodged  at  the  War- 
den's Court,  Southern  Cross,  on  29th  December,  1909.  As  the  first 
parcels  of  ore  yielded  extremely  high  returns  a  phenomenal  boom 
in  mining*  occurred  throughout  the  whole  district,  the  far-reaching 
effects  of  which  have  already  been  referred  to.  Shortly  after  the 
leases  were  pegged  a  company  was  floated  and  mining  operations 
eommeneed  on  a  systematic  scale,  tlie  mine  eventually  turning  out 
to  be  an  extensive  and  consistent  producer  though,  unfortunately, 
the  grade  proved  to  be  much  lower  than  originally  anticipated. 

Geology. — Two  distinct  series  of  rocks  are  represented,  the  one 
granitiG  the  other  basic. 

Of  these  the  former  is  represented  by  the  main  Southern  Cross 
granite.  As  at  the  Corinthian,  this  granite  is  gneissic  and  probably 
represents  the  filiated  selvedge  of  the  main  mass.  Narrow  granite 
dykes,  so  common  in  other  places,  are  absent  in  this,  locality. 

Basic  Rocks. — The  basic  rocks,  commonly  known  as  green- 
stones^ contain  the  lodes. 

There  are  various  points  at  issue  as  to  the  age,  origin,  and 
classification  of  these  basic  rocks.  Gibson,  whose  private  report  on 
the  mine  has  been  kindly  lent  to  the  department,  divides  the  basic 
Toeks  into  two — a  "nerwer*'  and  "older"  series — ^the  former  having 
intruded   the  latter. 

The  ^'older"  he  classes  as  being  originally  fine-grained  diabases, 
now  in  the  form  of  schistose  epidiorites  as  the  result  of  dynamic 
metamorphism. 

The  *'newer,"  which  is  essentially  coarse-grained,  uralite  am- 
phibolites  and  talc  schists  sometimes  massive  but  usually  schistose^ 
be  considers  the  resultant  of  a  coarse-grained  p3rroxenite. 

Farquharson,  dealing  with  the  same  rock  specimens,  classifies 
them  as  fibrous  epidiorites  or  hornbendites,  all  of  which  have  been 
derived  from  gabbro  or  pyroxenites. 

Certainly  in  the  main  crosscuts  of  the  mine  in  the  deeper  levels 
wbeie  the  rock  mass  can  be  best  studied,  there  seems  to  be  no  ap- 
parent demarcation  between  the  various  forms,  the  one  merging 
into  the  other  and  repeating  in  the  same  section  as  if  they  were 
altered  portions  of  one  rock  mass.  Near  the  ''northern  series"  lode 
there  is  certainly  a  narrow  band  of  fresh  epidiorites  which  may  be 
of  later  age  than  the  rest  of  the  complex,  though  on  the  other  hand 
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it  may  be  ah  unsheared  portion  of  the  main  mass;  the  latter  case 
being  the  more  probable.  For  a  fuller  discussion  on  the  subject, 
vide  Appendices.  The  greenstones  have  been  mapped  on  Plates 
VII.  and  XI.  as  derivatives  from  the  same  magma; 

Lodes. — The  lodes  of  the  Bullfinch  mine  come  readily  under 
two  general  headings: — • 

A.— Quartz-haematite  schists  and  their  equivalents. 
B. — Dolomite  lodes. 

A.  Quartz-haematite  Schists^  etc, — The  origin  of  the  quartz- 
haematite  schist  deposits  has  already  been  fully  discussed  and  need 
only  be  briefly  referred  to  here.  They  represent  the  altered  pro- 
duct of  crushed  zones  in  the  greenstones  by  replacement  with  sQica 
and  various  iron  oxides. 

In  the  Bullfinch  series  several  distinct  forms  of  these  lodes 
occur  varying  from  the  typical  haematite  variety^  to  one  consisting 
of  silica  with  a  very  small  percentage  of  iron. 

Of  these,  the  three  best  defined  groups  in  the  mine  are  locally 
known  as  the  "Discovery  lode"  or  "Southern  series,"  "The  Main 
Lode,'*  and  the  "Water  shaft"  lode.  In  addition,  there  are  certain 
"pipes"  of  gold-bearing  ore  to  which  no  name  has  been  given  but 
which  are  genetically  connected  to  the  above. 

The  extent  and  position  of  the  various  lodes  may  be  seen  on 
Plat  VI.,  where  a  plan  of  each  level  from  the  100ft.  downwards  has 
been  drawn.  On  the  surface  little  of  the  lodes  can  be  seen  at  pre- 
sent as  the  outcrops  are  partially  or  completely  covered  with  sur- 
face detritus. 

Faults, — At  the  100  feet  level  in  particular,  a  main  fault  plane 
is  seen  striking  north-east,  south-west  through  leases  914  and  915, 
the  dip  being  to  the  north-west.  Past  this  fault  plane  the  southern 
series  has  not  been  found  extending  to  the  south-east.  The  same 
fault  plane  is  found  near  the  eastern  end  of  the  "main  lode." 

It  is  probable,  but  not  certain,  that  this  fault  plane  extends 
past  the  eastern  end  of  the  northern  series. 

Minor  faults  are  found  cutting  the  main  series  off  at  the  eastern 
end  (No.  1  fault),  whilst  between  this  and  a  second  fault  (No.  2) 
a  short  lode  occurs  which  is  probably  a  faulted  portion  of  the  main 
series.  Between  the  main  fault  and  No.  3  fault  another  similar  lode, 
probably  a  faulted  piece  from  the  northern  end  of  the  main  series, 
occurs. 

Faults  1,  2,  and  3  have  a  general  north  by  east  strike  with  a  dip 
to  the  west  by  south.  The  water-shaft  lode  is  cut  off  by  fault  No. 
4,  which  strikes  north-west  and  dips  south-west.  Besides  these, 
there  are  sev  ral  jn^nor  faults,  as  shown  on  Plate  XI. 

The  Discovery  Lode, — This  consists  of  an  extensive  series  of 
parallel  lodes  occurring  in  bands  of  a  varying  composition,  but 
which  in  a  geological  sense,  must  be  considered  as  one  deposit.  On 
account  of  the  variation  in  gold  values,  however,  only  certain  por- 
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tions  are  mined  and,  for  this  reason,  the  series,  for  convenience'  sake, 
has  been  divided  into  two,  the  ''southern  series"  and  ''ydlow  lode.*' 

The  Yellow  Lode. — In  the  upper  levels  this  consists  of  a  ban^ 
of  bard,  yelloi^ish,  laminated  quartz.  Evidence  of  brecciation  in 
places  is  well  marked. 

At  the  100  ft.  level  the  yellow  lode  has  not  been  developed  to  any 
extent.  A  crosscut  in  the  eastern  end  shows  a  width  of  lode  of  21 
feet.  The  lode  here  has  been  driven  on  for  a  total  length  of  some 
100  feet. 

200/t.  Level. — The  lode  here  has  been  driven  on  for  a  consider- 
able distance.  In  the  crosscut  the  width  is  some  15  feet.  The  ore  is 
oxidised  still,  but  sulphides  are  just  making  their  appearance. 

300/t.  Level. — The  lode  at  this  level  contains  a  fair  percentage 
of  sulphides  and  is  well  in  the  sulphide  zone.  Where  intersected  in 
a  crosscut  the  thickness  of  the  ore  has  been  proved  to  be  about  the 
same  as  in  the  upper  levels. 

Southern  Series  proper. — This  series  consists  of  parallel  ban<ls 
uf    iron-bearing    quartz   schists,  separated    by  layers  of  soft  clay 
schists,  which  are  also  more  or  less  ferruginous.    Of  these,  the  most 
southern  portion  is  a  compact  luematite-bearing  lode,  a  typical  ex- 
ample of  the  .quartz-luBmatitj»  variety*   Except  that  the  irou  contents 
are  not  so  pronounced  the  other  portions  of  the  southern  series  are 
of  a  similar  character.    They  consist  mLainly  of  a  sintery,  crushed, 
and  at  times  brecciated  laminated  quartz^    At  the  200ft.  level  iron 
sulphides  make  their  appearance,  but  even  at  the  300ft.  lev^  the 
iron  oxides  are  not  wholly  replaced  by  such.     The  sulphides  occur 
in  patches,  some  portions  of  tlie  rock  being  highly   charged   with 
them,  whilst  in  other  places  the  lode  is,  apparently,  still  practically 
in  an  oxidised  state. 

There  is  a  pronounced  falling  away  in  the  silica  contents  of  the 
lode  in  the  lower  levels,  and  one  forms  the  impression  that  the  per- 
centage of  the  countiy  rock  constituents  is  gradually  increasing. 

At  the  100ft.  level  extensive  stoping  has  taken  place  on  the  main 
fault.  Here  stopes  are  seen  with  dimensions  of  120  feet  by  170  feet ; 
they  are  irregular,  however,  and  will  probably  not  average  more 
than  40  feet.  There  is  a  gradual  falling  away  in  gold  values  in 
direct  ratio  to  the  distance  from  the  main  fault. 

200ft.  Level. — ^At  the  200ft.  level  no  stoping  has  been  done. 
The  lode  here  has  a  width  of  90  feet.  Sulphides  make  their  appear- 
ance at  this  level. 

300ft.  Level. — As  at  the  200ft.  level  nothing'  but  development 
has  been  done  here.  The  lode  has  the  same  thickness  and  is  par- 
tially oxidised  still,  though  sulphides  are  more  prevalent. 

Owing  to  the  great  size  and  irregular  nature  tof  the  ore  body, 
the  pronounced  pitch  of  the  fault  plane  and  consequently  the 
stopes,  to  the  north-west,  square  setting  in  the  Btopes  was  the  form 
of  timbering  resorted  to  and  has  been  used  througliout  this  section. 
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Water-shaft  Lod^.-*— This  was  a  narrow  pipe  of  ore  stoped  do^vri 
on  No.  4  fault  plane  to  the  100ft.  levels  the  dimensions  of  the  slope 
being  40  feet  by  50  feet.  Below  the  100ft.  lev^  no  work  has  been 
flone  on  this  ore  body.  At  the  surface  the  fault  plane  (No.  4)  i^^ 
represented  by  a  narrow  band  of  quartz-haematite  schist,  which  doeK 
not  contain  appreciable  gold  values.  This  band  is  visible  on  the 
north-western  side  of  the  open  cut. 

Main  Series,— At  the  surface  this  lode  outcrops  as  a  quartz- 
hsBmatite  schist,  the  eastern  extension  of  which  has  been  faulted  on 
fault  plane  No.  1 ;  this  faulted  portion  is  low-grade.  The  main 
series,  otiierwise  known  as  the  rich  shoot,  is  a  band  of  altered  quartz- 
haematite  schist  about  130  feet  in  length  and  worked  for  a  width  or 
from  15  to  20  feet.  It  lies  between  the  main  and  No.  1  fault  planes. 
The  fault  plane  (No.  1)  is  now  represented  by  a  narrow  band  of 
very  ferruginous  quartz-haematite  schist.  Especially  in  the  upper 
levels  the  lode  is  much  shattered  and  altered,  the  fracturing  bein^ 
no  doubt  caused  by  earth  movements  along  the  fault  planes. 

This  shattering  made  the  lode  pervious  to  circulating  solutions, 
which  not  only  removed  the  soluble  portions  of  the  lode  but,  at  tlie 
same  time,  replaced  such  with  silica  and  iron  compounds  in  the  fonn^ 
probably,  of  sulphides. 

The  sulphides  thus  introduced  contained  gold  and  have  since 
been  oxidised  and  leached  away,  leaving  in  places  an  almost  pure 
sintery  quartz  and  the  gold  in  a  free  state.  In  appearance  some  of 
this  quartz  resembles  closely  that  found  in  the  upper  levels  of  the 
Mount  Morgan's  mine  in  Queensland.  It  is  extremely  porous  and 
resembles  a  pumice  or  sponge  in  structure,  in  many  instances  bein.*r 
easily  crushed  in  the  naked  hand. 

Gibson,  who  reported  on  the  lode  in  its  early  stages,  describes 
it  thus: — 

In  its  present  highly  oxidised  state  the  lode  (rich  portion)  con- 
sists of  an  irregular,  more  or  less  rubbly  mixture  of  quartz,  ironstone, 
and  clay  schists,  the  ironstone  predominating.  Occasionally  it  is  hard 
and  compact,  consisting  of  brecciated  portions  of  the  original  lode 
cemented  together  with  secondary  or  ''jasperoid"  quartz.  There  are 
no  defined  walls,  and  irregular  veins  of  quartz  and  ironstone  run  out 
into  the  shattered  country  on  either  side,  the  latter  often  carrying  fairly 
high  gold  values* 

The  lode  underlies  to  the  south-west  slightly  but  pitches  to  the 
north-west  on  the  fault  plane  at  an  angle  of  about  45  degrees. 
Stopes  extend  from  the  100ft.  to  the  surface.  The  two  faulted  ends, 
vide  Plate  XI.,  have  not  been  mined. 

200/t.  Level—The  "rich  shoot"  is  130  feet  long  at  this  level  and 
has  a  stoping  width  of  15-20  feet.  A  fair  amount  of  iron  sulphides 
make  their  appearance  in  a  winze  at  the  235ft.  level. 

In  composition  the  lode  is  similar  between  the  200ft.  and  100ft. 
levels  to  that  at  the  100ft.  level,  with  the  exception  of  the  sinterv 
quartz  which  is,  apparently,  not  so  pronounced. 

300/*.  Level. — The  structure  of  the  lode  here  is  similar  to  that 
above.     Sulphides  are  pronounced  throughout  the  ore  body.    The 
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length  of  the  ore  YK>dy  is  1:50   feet,  with  stoping  values  over  a  width 
of  Irom  12  to   15  fe^. 

400/*.  Lex^el. — At  tlie  time  of  inspection  the  lode  had  only  been 
partially  opened  out  at  tliis  level.  The  charaeteriAtics  were  very 
similar  to  those  of  the   300f t.  level. 

Immediately  under  the  main  fault  plane  the  country  rock  is 
mueh  weathered  and,  a,ppaj.-cntlyy  in  the  initial  stages  of  the  forma- 
nou  into  a  quartz-haematite  schist.  As  a  whole,  this  impregnated 
zone  does  not  contain  sufficient  gold  to  render  it  milling  ore;  pipes 
o£  ore  occur  in  it^  -which  have,  however,  proved  payable. 

Starting  from  'No.  lO  shaft,  one  of  these  pipes  has  been  stoped 
for  a  \en^h  ot  70  feet  hy  25  feet.    This  pipe  dips  to  the  south-east 
and  comes  into  the  200ft.  level  in  the  east  drive,  where  the  stoping 
width  is  70  feet  hy  30  to  40  feet. 

The  same  pipe  has,  apparently,  been  intersected  in  the  South 
erues-cut  at  the  300ft.  level  and  risen  on  in  No.  8  rise.    The  stoping 
dmiensions  at  this  level  are  40  to  50  feet  by  8  to  10  feet.    The  dip 
of  this  piv^e  can  he  seen  on  the  accompanying  plans. 

Another  similar  pipe  of  ore,  20  feet  by  four  feet,  has  been  fol- 
lowed from  the  300ft.  level  in  No.  4  rise  up  under  the  west  branch 
drive  at  the  210ft.  level. 

It  is  probable  that  if  this  pipe  be  followed  it  will  remain  under 
the  main  fault  plane  and  come  up  into  No.  2  level  with  the  lode 
found  at  the  east  end  of  west  branch  drive.  This  pipe  is  heavily 
c-har;jred  with  sulphides. 

Summarff. — The  main  and  southern  series  may  all  be  classified 
as  or  modifications  of  the  quartz-haematite  variety  of  lodes.    As  such 
the  «reneral  tendency  is  that  the  lodes  contain  less  gold  as  greater 
depths  are  reached.     There  is  no  direct  evidence  to  band  regarding 
the  exact   nature  of  these  deposits  at  depths  exceeding  400  feet, 
hut  the  general  tendency  is  for  the  lodes  to  lose  their  characteristics 
and.  presumably,  gradually  merge  into  the  country  rock.    The  Bull- 
finch mine,  being  one  of  the  best  examples  opened  up,  should  be 
carefully  studied  in  the  future  if  development  be  carried  to  deeper 
levds. 

Xorthem  Series. — The  northern  series  is  a  lode  unique  in 
c-haracter  as  regards  the  mines  of  the  Yilgam  Goldfield  in  that, 
lielow  the  oxidised  zone,  it  consists  almost  entirely  of  dolomite. 

This  lode  does  not  outcrop  at  the  surface.  At  a  vertical  depth 
of  about  120  to  130  feet  there  is  a  sudden  change  in  the  lode  from 
a  iiiliceons  to  one  of  a  dolomitic  character.  At  the  same  level  the 
S'ulphide  zone  is  reached. 

I00/#,  level. — At  this  level  the  lode  consists  of  one  ore-body 
-•striking  north-west-south-east  with  an  underlie  to  the  south-west. 

The  south-eastern  end  apparently  lies  on  the  main  fault  of 
the  southern  and  main  series  and  pitches  to  the  north-west. 
WTiether  the  north-western  end  has  gradually  ended  in  a  feather 
edge  has  not  been  proved. 
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;  In  the.  lower  levels  an  eastern  'leg"  was  discovered*  To  aseer- 
tain  whether  such  occurred  in  the  100ft.  level  a  crosscut  was  driven 
north-east  to  intercept  this  "leg/'  but  was  unsuccessful. 

From  the  100ft.  level  stopes  have  been  extended  to  a  height  o£ 
45  feet,  when  the  ore-body  cut  out. 

The  lode  from  the  100ft.  upwards,  and  to  a  depth  of  20  to 
30  feet  below  the  level,  consists  of  a  mixture  of  ferruginous  clayey 
lode  material  partially  cemented  together,  with  irregular  masses  of 
jasper,  the  whole  ore-body  being  traversed  by  narrow  quartz  veins. 
These  veins  are  comparatively  flat  with  a  general  north-west  south- 
east strike  and  an  underlie  to  the  north-east. 

The  hanging  wall  is  much  decomposed,  and  consists  of  a  highly 
schisted  rock,  the  weathered  product  of  an  epidiorite  or  allied  rock. 
In  places  the  demarcation  between  the  hanging  wall  and  the  lode  is 
not  too  distinct,  the  same  remarks  applying  to  the  footwall^  thoagrh 
not  to  the  sanie  extent. 

The  stopes  are  kept  open  by  square  setting. 

200/f.  level, — ^In  the  200ft.  level  the  lode  assumes  a  horseshoe 
shape,  the  longer  arm  o£  which  is  the  western. 

Throughput  both  arms  the  lode  consists  of  a  compact  dolomite, 
which  the  flat  quartz  veins  pass  as  in  the  oxidised  portions  of  the 
lode.  An  analysis  of  the  dolomitic  portion  gave  the  following  re* 
suits : — 


G.S.M.   1/826. 

CT.g 

I.L.   888( 

3D. 

SiO, 

•    « 

.  .                .  .        J.0.OO 

A1.6, 

tt    •                     • 

2Q 

Fe,0, 

11 

FeO 

4.86 

MnO 

27 

MgO 

17.21 

CaO 

27.64 

Na,0 

18 

K,6 

06 

H,0 

hyg. 

.06 

H,0 

eomb. 

80 

TiO, 

tt    • 

02 

CO, 

•    • 

31.99 

P,0, 

•    • 

07 

Fe,S, 

•      V 

48 

Cr,0, 

•    • 

nil 

v,o. 

•     • 

,04 
99.91 

Gold — 15  grs,  per  ton.    Sp,  gr. — ^2.94...    Analyst,  H.  Bowley. 

The  chief  constituents  are  dolomite,  about  55.2  per  cent.;  cal- 
cite,  about  14.3  per  cent.;  actinolite,  about  25  per  cent,,  with 
smaller  amounts  of  pyrrhotite  and  probably  serpentine,  albite  and 
quartz. 
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The  above  anal3rsi8  tendis  to  prove  that' the  lode  k*a  repYaeement 
une  in  a  probably  partially  dosed  fissure,  the  foreign  mineralSy 
ictinolite,  ete.,  repreBenting  the  remnants  of  the  original  rook. 

There  is  no  hard  and  fast  line  hetween  the  portion  of  the  lode 
\xmg  mined  and  the  ^walls  of  the  country  rock,  the  carbonation 
Having  extended  a  mi3.cli  greater  distance  into  the  latter  than  indi- 
fated  on  the  plans  on  "Plate  XI.  In  many  instances  the  quartz 
vans  also  extend  Y>eyond  the  zone  of  mining  operations  into  the 
walls.  Prom  the  200'ft.  level  downwards  the  walls  are  solid  and 
comparatively  not  been  subjected  to  surface  weathering.  Hence 
the  trouble  experienced  in  mining  the  lode  in  the  upper  levels  is 

zreally  diminished. 

300ft.  level. — ^There  is  practically  no  change  in  the  nature  of 

the  lode    or    ^aUs    at    this  levd   from  that  below  the  200ft.  level. 

Slopes  extend  on  both  legs  upwards. 

400/t  lerel. — In  the  western  leg  of  this  level  a  split  in  the  lode 
is  noticeable,  a  ''horse''  of  country  rock  coming  into  the  channel. 
This  horse  may  also  be  seen  in  the  stopes  above  the  level. 

510/t.  level, — The  ore-body  had  been  cut  but  not  opened  out 
to  any  extent.  Ehccept  that  the  quartz  veins  and  sulphides  were 
not  so  pronounoedy  there  is  no  other  change  from  the  300ft.  and 
400ft.  levels. 

General  distribution  of  Gold  and  Mineral  Contents. — There  is 
no  doubt  that  the  gold  and  mineral  contents  are  closely  associated 
with  the  quartz  veins.    Both  in  the  oxidised  and  sulphide  zones  it 
is  very  apparent  that  at  the  junction  of  the  quartz  veins  with  the 
lode  proper,  and  extending  into  the  walls  of  the  veins,  the  greater 
portion  of  the  mineral  exists.    It  is  also  apparent  that  the  quartz 
veins  are  of  a  later  age  than  the  main  ore  body.    In  the  oxidised 
portions  of  the  lodes  there  is  an  abundance  of  iron  oxides  scattered 
throughout,  with  isolated  concentrated  patches  of  a  more  or  less 
siheeoos  nature.      In  these  concentrations,  which  are  uually  asso- 
ciated with  quartz  veins,  carbonates  of  copper  are  not  infrequent, 
and,  in  isolated  eases,  native  silver  is  present.     Carbonates  or  sul- 
phates of  lead  were  not  noticed,  though  it  is  almost  certain  that  the 
sflver  has  been  liberated  from  the  oxidation  of  galena,  which  is  a 
eommon  oecnrring  mineral  in  the  sulphide  zone.     In  the  sulphide 
zone  the  iron  and  lead  minerals  appear  as  streaks  and  bunches 
eliiefly,  as  already  stated,  on  the  contact  of  and  in  the  walls  of  the 
quartz  veins.       The  dolomitic  portion  of  the  lode  has  usually  a 
tinge,  which  is  due  either  to  the  ferrous  iron  or  vanadium. 


possibly  both. 

Closely  associated  with  the  galena  are  various  sulphides  of  iron, 
dnefly  pyrites;    probably  marcasite  and  pyrrhotite. 

No  doubt  the  gold  is  associated  with  the  basic  minerals,  for  it 
is  a  general  maxim  on  the  mine  that  where  there  is  no  quartz  show- 
ing, and  mineral  contents  scarce,  the  gold  values  are  low. 
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Unfortunately,  figures  regarding  the  gold  from  tn©  various 
lodes  citnnot  be  obtained. 

The  mine's  total  production,  taken  from  official  returns,  is: — 

Tons   (2;2401bs.).      Gold   (fine  ounces).  Silver. 

24,842.94  117,404.26  16,442.43 

Of  the  above  amount,  the  first  1,027.52  tons  produced  10,958.88 
ounces  of  fine  geld.  This  ore  was  taken  from  the  main  series  in 
the  early  stages  of  development  and  speaks  for  itself  as  regards  the 
richness  of  the  first  ore  won  from  the  mine. 

Table  showing  the  Yield  of  the  Bullfinch  Proprietary. 


Year. 


Name  and  Number  of  Lease. 


Ore 
I     onuhed. 


Gold 
therefrom. 


1910 

1911 

1912 
1913 
1914 
1915 
1916 


Bullfinch  leases.  914/6,  926,  928,  942, 

960 
Bullfinch   Proprietary   (W.A.),   Ltd. 

914/6,  926,  928,  930,  942,  960  . 

Do. 

Do. 

Do. 

Do. 

Do. 

Total 


tons. 


1,027-62 

663-42 

47,969-00 
66,430- 00 
68,636  00 
63,715  00 


248,420-94 


ozs. 


10,958-88 

6,544-42 

33,760-96 
25,682-98 
23,631-17 
17,825-85 


117,404-26 


In  conclusion  I  wish  to  acknowledge  the  courtesy  and  help 
shown  me  by  J.  Morgan,  underground  manager,  and  J.  V.  Rowe, 
surveyor.  The  accuracy  of  the  fault  plan  is  largely  due  to  the 
latter,  and  may  be  rightly  lo(Aed  upon  as  a  result  of  our  combined 
efforts. 


Glideaway  and  New  Green  Harp  Gold  Mines,  G.M.Ls.  2272 

and  2948. — As  these  two  mines  are  on  the  same  line  of  reef  they 
can  be  conveniently  described  as  one. 

Geology. — Foliated  greenstones  and  granitic  dykes  are  the  only 
two  varieties  of  rock  represented. 

The  lode,  which  does  not  outcrop  at  the  surface  but  is  overlain 
with  about  four  to  eight  feet  of  surface  soil,  consists  of  a  quartz 
reef  lyin*?  between  two  perfect  greenstone  walls.  The  strike  of  the 
reef  is  some  30  degrees  east  of  north  with  an  underlie  east  of  about 
45  to  50  degrees. '  The  width  of  the  reef  varies  from  a  few  inches 
to  four  feet.  It  has  produced  payable  stone  for  a  distance  of  14() 
feet  in  the  Glideaway,  and  about  the  same  distance  in  the  Ghreen 
Harp.  A  main  level  at  the  60ft.  on  the  underlie  passes  through 
both  mines.  Most  of  the  stone  has  been  stoped  above  this  level  for 
a  distance  of  280  feet.  In  the  Glideaway  some  stoping  has  also 
been  carried  on  near  the  shaft  below  the  60ft.  level,  but  these 
Workings  Avere  under  water  on  date  of  inspection,  so  dimensions 
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^ere  not  proeurable.  Tlie  sdnkixtg  of  a  main  shaft  on  tue  Glide- 
a-isay  was  the  only  >vork  in  course  of  progress  on  that  mine.  On 
•ik*  Green  Har|>  a  little  "work  was  being  done  to  try  and  prove 
^•iietheT  the  reef  was  faulted  or  not  in  the  south  end. 

As  ean  be  seen  on   plate   (13)  these  mines  are  of  interest  from 

a  geological   point   of  view,  in  that  the  reef,  contrary  to  the  usual 

ii^hit  for  the  Yilgrarn  Croldfield,  passes  through  numerous  aplite  and 

i't%anatitie  dyke??,   and    is   not  invaded  by  them  except,  perhaps,  in 

•ne  instance. 

In  the  Green  Harp,  in  the  southern  end  of  the  main  reef,  a 
-arje  .<rranitic  dyke  was  met  with.  Whether  this  dyke  has  cut 
^JTMUuh  the  reef  or  not  has  not  been  proved.  A  parallel  reef  lying 
:>}  the  east  has  been  worked,  and  it  would  seem  that  this  second 
ivvf  i5  the  faulted  end.  On  the  other  hand,  there  is  no  evidence  of 
faulting  in  any  other  workings,  or  are  there  any  indications  of 
-  i*-ii  movements  at   the  surface. 

It  is  therefore  possible  that  the  main  reef  extends  southward 
\  a>t  this  dvke  and  that  the  ea.stem  reef  has  no  connection  with 
:he  mam  reef,  in  which  case  the  dyke  would  be  of  a  later  age  than 
'!  f  reef  and  the  main  series  of  pegmatites. 

The  eastern  reef  has  been  opened  out  at  the  50ft.  level  by  a 
♦inve  45  feet  south  and  a  few  feet  north.  Practically  all  the  stone 
ab/ve  the  50ft.  level  has  been  stoped,  and  the  shaft  filled  in  below. 
Th<»  strike  of  the  reef  is  practically  the  same  as  the  main  reef,  but 
•be  nnderUe  is  considerably  steeper  though  in  the  same  direction, 
vi7.,  towards  the  east,  at  an  angle  of  56  to  60  degrees. 

Table  showing   the   Yield  of  the  Olideaway,  if  eta  Green  Harp,  and 

Green  Harp  Reef. 


Year. 

Kame  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1 

tons. 

ozs. 

Glideaway  2272 

•  •         .  • 

m    m 

.    ■ 

1912 

r>o. 

* . 

254 

360-52 

1913 

l>o. 

•  •         . . 

364 

309-99 

1914 

Do. 

.. 

233 

331-32 

1915 

l>o. 

A  •                     •   • 

•  • 

•  • 

1916 

l>o. 

■   •                      •   • 

«  • 

•  • 

1915 

Green  Harp,  New,  2948 

•  •                      ■   « 

14 

11-40 

191« 

1>0- 

•   ■                      i   • 

•  • 

•  • 

1912 

Xew  Green  Harp  leases 

/264n 
\2642J 

230- 00 

184-39 

1913 

I>o. 

a    «                            .    • 

379-90 

211-13 

1914 

l>o. 

.    .                            •    • 

39- 00 

25-87 

1915 

Do. 

.    .                            •    • 

1700 

9-31 

1911 

Grmn  Harp  2297 

Total 

•  ■                            ■    • 

•  •                            •    • 

4600 

53-21 

1,676-90 

1,407-14 

^ 


Manxman  Consols,  GMJj,  27&0,  Manxman  Group   (Plate  VII. 
YilgaiTi  Goldfield. 

Geology. — The  country  rock  i's  similar  to  that  of  the  Glide 
away  and  Rosalie  gold  mines,  and  consists  of  foliated  greenstone  i: 
which  are  numerous  granitic  dykes. 

Fig.  12. 
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Plan  of  workings,  Manxman  Consols. 

The  workings  *  of  the  Manxman  Consols  are  in  one  of  these 
dykes.    Two  small  parallel  quartz  veins,  known  as  the  hanging  and 

•Mg.  12. 
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^ootwall  ^leaders/'  have  been  followed  for  a  horizontal  distance  of 
aboat  70  feet  and  to  a  depth  on  the  underlie  of  125  feet. 

The  dip  of  the  veins  is  from  45  to  55  d^rees  towards  the  east. 
A  distance  of  from  one  to  four  feet  separates  the  two  veins. 
Thion^hoat  the  workings  the  walls  of  the  veins  are  very  regular, 
rvarticularly  the  footwall.  The  walls  consist  of  a  very  fine-grained 
iphie,  not  oxidised  to  any  great  depth,  and  extremely  hard  to 
=dne.  It  is  difficult  to  form  an  idea  of  the  average  thickness  of  the 
rjaitz  veins  as  tlie  variation  is  from  two  inches  to  thirty  inches  in 
llag&.  Where  the  vein  increases  in  thickness  the  gold  contents  are 
-Aid  to  he  lower.  Apparently  the  same  granitic  dyke  in  which  the 
Teins  occur  has  been  followed  into  leases  2296  on  the  south  and 
J»>S7  on  the  north.  GM  has  been  found  in  a  small  vein  in  G.M.L. 
'J296.  which  has  not  been  opened  out  to  any  extent,  but  was  still 
^.rinfr  worked  by  prospectors  with  encouraging  results. 


Table  showing  the  Yield  of  the  Manxman  Consols. 


VcAT.              Name  and  Number  of  Lease. 

Ore 
oruBhed. 

Gold 
therefrom. 

If  14        Manxman  Oonflols,  2790 

If  15              I>o.              

Ifl6              IK).              

tons. 
4-35 
28-66 
8-00 

0Z8. 

6-98 
29-97 
12-36 

Total   .. 

41-00 

49-81 

acTs^ALiE  G.M.L.  2739,  Manxman  Group,  Plate  VII.,  Yilgam  Gold- 
£eld. 

Geology- — The  Rosalie  gold  mine  lies  in  the  greenstones,  which 
i^«r  much  foliated  and  contain  a  network  of  acid  dykes. 

Mine   Workings. — There  are  three  main  shafts  on  the  lease. 

Soath  or  No.  1  shaft. — This  is  an  underlie  shaft  with  a  depth 
:  about   00    feet.     The  inclination  of  the  shaft  is  from  45  to  55 
to  the  east.  At  the  bottom  of  the  shaft  there  are  no  work- 
bat  60   feet  from  the  surface  drives  extend  north  and  south. 
z,  the  south  end  the  reef  is  broken  and  small.    The  north  drive  has 
-  >nsth  of  50  feet  and  follows  the  reef,  which  has  a  width  of  four 
-^t  at  the  shaft  and  about  two  feet  at  end  of  drive. 

The   end    of  this  drive  is  about  15  feet  from  the  central  or 

-rtieaJ  shaft. 

The  footwall  of  the  reef  is  a  very  siliceous  rock,  probably  one 

:  the  aeid  dykes.     At  times  it  is  so  siliceous  as  to  be  almost  pure 
The  hanging  wall  is  greenstone,  very  schistose.    A  barren 

rein  occurs  between  the  hanging  wall  and  the  payable  lode. 

Thk  barren  rein   is,  in  all  probability,  an  acid  pegmatite. 
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In  the  south  end  of  south'  drive  the  f ootwall  is  greenstone. 

No,  3  {northern  shaft). — This  shaft  is  also  on  the  underlie  at 

an  angle  of  ahout  50deg.    Depth  on  underlie,  105  feet. 

At  the  bottom  of  the  shaft  the  reef  is  six  feet  in  thickness. 

The  strike  of  the  reef  is  a  few  degrees  to  the  east  of  north. 

No.  2  or  Central  shaft. — This  is  a  vertical  shaft  in  greenstone, 
depth  40  feet. 

From  the  north-west  peg  a  narrow  quartz  vein  has  been  traced 
on  the  surface  and  is  said  to  contain  payable  gold  values,  but  has 
not  been  developed  except  by  costeans.  This  vein  runs  parallel 
with  the  main  vein. 


Table  showing  the  Yield  of  the  Roadlie  Reef. 


Name  and  Number  of  Leaae. 

Ore 
crushed. 

Gold 
there- 
from. 

Total 

Year. 

Ore 
crushed. 

Gold 
there- 
from. 

1912 

1913 
1914 

1915 
1916 

Rosalie,  2391 

Rosalie,  2595 

Do 

Rosalie,  2739 
Do. 

Totel     . . 

tons.          ozs. 
23-00       23-98 

46-00       92-63 
1800  1     33-94 

30-00       33-62 

90-75  1     88-65 

t 

1 

tons. 
23-00 

64-00 

120-75 

ozs. 
23-98 

126-57 

122-27 

207  75 

272-82 

Violet,  G.M.L.  2653. — This  mine  is  situated  at  a  short  distance 
to  the  north-east  of  tlie  Golden  Valley  townsite. 

Geologically,  it  lies  in  the  main  quartz-haematite  schist  series. 

The  main  workings  consist  of  an  underlie  shaft  the  vertical 
depth  of  which  is  100  feet.  At  the  70  feet  level  drives  extend  30 
feet  north  and  26  feet  south.  This  level  is  at  the  junction  of  the 
oxidised  and  sulphide  zones.  From  the  sides  of  the  shaft  oxidised 
ore  has  been  stripped  for  a  width  of  some  twelve  feet  for  a  length 
of  about  20  feet  from  the  70ft.  level  to  near  the  surface. 

The  shaft  is  placed  near  the  junction  of  a  spur  with  a  large 
quartz  haematite  lens  which  is  not  of  any  value  itself  as  a  gold 
producer. 

Below  the  70ft.  level  the  spur  lode,  as  seen  in  the  shaft,  con- 
tains sulphides,  the  quartz-haematite  bands  being  highly  charged 
with  antimonial  and  arsenical  sulphides. 
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A  pronounced  band  of  sulphide  ore  at  the  bottom  of  the  shaft 
:  \m\Ae^  the  thickness  of  this  band  being  about  24  inches. 

The  sulphide  body  is  .said  to  contain  highly  payable  gold  values. 

The  gold-bearing  formation  has  the  appearance  of  being  a  pipe 
:  the  janction  of  the  spur  ,pf  the  quartz- haematite  schist  with  the 
.  h  larger  lens  of  the  same  nature.  There  is  insufficient  develop- 
^Lt  to  enable  a  definite  opinion  to  be  formed  on  this  point. 

It  is  endent  that  a  considerable  amount  of  crushing  has  taken 
j^  t3  the  lode  is  fractured  horizontally  into  a  series  of  flat  floors, 
r.  i»  fraetaring  has  possibly  led  to  local  enrichment. 


Table  shou'invg  th-^  Yield  of  the  Violet  Beef. 


Year. 

Name  and  Xumber  of  Lease. 

Ore 
cruahed. 

Gold 
therefrom. 

1 

tODB. 

ozs. 

\M^ 

Violet,  835 

65-00 

133-26 

\.*V\ 

Do.                            ... 

. 

126- 00 

88-47 

\*[\ 

Do. 

1  •                  •  ■ 

6000 

45-31 

>li 

Do. 

>  •                  •  tt 

490- 00 

167-81 

.Vil 

Violet,  2653 

•                  •  • 

60-00 

12-80 

:^i4 

Do.               

•                   •  • 

*  • 

•  ■ 

i-*l.> 

Do. 

•                  •  • 

23-64 

43-32 

l'*l« 

Do. 

•                   •  • 

■  • 

•  * 

Total 

818-64 

490  97 

Marioxbtte,  G.M.L.  2999. 

L^'^nlity. — This  mine  is  situated  about  42  chains  north  of  Trig. 
'Kl^.  which  lies  immediately  to  the  north  of  Lake  Deborah. 

<'eohgy. — The  mine  is  in  one  of  the  quartz-haematite  lenses  of 
'  min  series.     On  both  sides  this  lens  is  encased  with  foliated 

lihoiite. 

Tbe  main  workings  consist  of  a  vertical  shaft,  60  feet  deep. 
'■ra  the  bottom  of  the  shaft  a  short  crosscut  connects  with  two 
•a  drives  extended  30ft.  north  and  40ft.  south.  For  the  whole 
-dnee  the  drives  are  in  quartz-haematite  schists. 

'roescats  from  the  north  and  south  ends  and  one  opposite  the 
*:  have  been  driven  for  a  few  feet  towards  the  east. 

In  the  one  opposite  the  shaft  and  from  the  end  of  the  south 

-^  a  mixed  quartz  reef  and  quartz-haematite  schist  lode  has  been 

From  the  first  an  inclined  rise  has  been  worked  to  the  surface, 

-'  a  winze  extended  12  feet  below  the  level.     From  the  latter  a 

^  has  been  sunk  a  distance  of  15  feet,  presumably  on  the  same 

ariz  formation  which  has  a  thickness  here  of  from  four  to  five 

*'^.    Sulphides   show  their  presence  in  this  winze.     A  series  of 
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partings  occur  in  the  quartz  lode;  these  partings  underlie  to    the 
east  at  a  low  angle. 

Gold  is  said  to  occur  in  payable  quantities  across  the  whole 
formation,  but  it  is  evident  that  considerably  more  stoping  has  been 
done  in  the  quartz  body  than  in  the  quartz-haematite  portion  of  the 
lode.  Official  returns  show  a  return  only  of  14  tons  crushed  for 
11.97  ounces  of  fine  gold. 

Table  showing  the  Yield  of  the  Marionette^ 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1912 

Marionette,  1848  (2999) 

tons. 
1400 

ozs. 
11-95 

Total 

1400 

11-95 

Grace's  Mine,  G.M.L.  1961. — This  mine  is  situated  at  a  dis- 
tance of  about  one  mile  north  of  the  Marionette. 


Fig.  13. 


SHAFT 
M'VDl 


I 
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SHAFT 
80  VO 


^nt^i^l^ 


Plan  of  workings,  Grace's  mine. 

Three  shafts*  have  been  sunk  on  the  lease,  two  to  a  vertical 
depth  of  80  feet  and  one  35  feet.  The  first  two  are  connected  by  a 
drive  100  feet  in  length  at  the  40  feet  level.     In  this  drive  two 


•  Fig.  18. 
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nitrtz  Teiiis  were  followed;  from  the  north  shaft  they  ran  parallel 
t'iT  1  considerable  distance^  but  eventually  united  near  the  south 
'oaft  When  separate  their  thickness  varied  from  one  to  six  inches, 
:it  formed  in  the  south  shaft  a  bodv  of  stone  the  full  width  of  the 
»'-ift.  The  eastern  of  the  two  veins  was  by  far  the  richer  in  gold 
-ctents.  The  eastern  wall  consisted  of  ironstone  whilst  the  western 
f  hanging  wall  was  a  rather  massive,  fine-grained  amphibolite. 

A  crosscut  from  the  north  shaft  at  the  55ft.  level  intersected 
AQStone  and  quartz  leaders  for  a  distance  of  40  feet. 

From  the  south  shaft  a  crosscut  east  from  the  bottom  of  the 
^-ift  15  feet  in  length  passed  through  ^^locky"  hard  fine-grained 
^TecDstone.  A  small  quantity  of  galena  was  broken  from  the  reef 
ui  this  shaft  at  the  40ft.  level. 

The  western  shaft  has  been  sunk  to  a  vertical  depth  of  35  feet 
vA  a  eroBscut  put  in  eastwards  a  distance  of  40  feet.  In  this  cro6&- 
r  It  are  numerous  small  quartz  veins  which  carry  traces  of  gold. 
Twenty-five  tons  of  ore  crushed  from  the  workings  at  the  40ft.  level 
^rtjdnced  by  battery  treatment  IT^^dwts.  of  gold  per  ton. 

One  or  two  quartz  veins  were  being  opened  out  on  leases  be- 
tween the  Marionette  and  the  Trig.  Station  HK  48.  They  are  ex- 
t-Jent  examples  of  the  laterial  quartz  veins  found  so  often  asso^ 
^t«d  with  the  quartz-haematite  schists. 

Since  my  last  visit  Messrs.  Hefferman  &  Cox,  on  the  Star  of 
Emmin  6.M.L.  2803,  have  crushed  ore  from  one  of  these  veins,  the 
•Seial  record  being  118.16  tons  of  ore  treated  for  a  return  of 
^2M  ounces  fine  gold.  As  has  already  been  pointed  out,  some  of 
these  quartz  veins  produce  extensively  high-grade  ore  of  which  the 
abore  is  another  example. 


Table  shoioing  the  Yield  of  the  Star  of  Ennuin  Beef, 


Name  and  Number  of  Lease. 


1915 
1916 


Star  of  Ennuin,  2803 
Do. 


Total 


Ore 
crushed. 

tons. 
45-50 
72-66 

Gold 
therefrom. 

ozs. 
125-93 
216-96 

118- 16 

342-89 

Mgries  Find.— A  little  work  was  in  progress  here  on  some  very 
^3i]]  quartz  veins  associated  with  the  quartz-haematite  schists. 
TU  workings  were  in  no  instance  carried  to  an  appreciable  depth 
^ow  the  sorfaee- 

Harie's  Find  mine  itself  was  flooded  on  both  occasions  when 
^"iiittd.  ^Ti^  an  inspection  was  therefore  impossible. 
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Table  showing  the  Yield  of  the  Marie' a  Find  Reef,  2389  ;  New  Marie's 

Find,  2389,  2390. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1912 
1913 
1914 
1915 

1916     / 

Marie's  Find,  2389 

Do.              

Do.              

Do.              

New    Marie's    Find    G.Ms.,  r2389\ 

N.L.             ..         ..         \2390/ 

Total     . . 

tons. 

252  00 
40-00 
4400 

•  • 

226-00 

ozs. 
317-66 
57  16 
85-69 

•  • 

144-35 

562  00 

604  86 

XL— WESTONIA  GROUP  OF  MINES. 

The  principal  mines  of  the  Westonia  group  proper  are  eon- 
fined  within  the  limits  of  the  Edna  May  gneissie  belt.  Outside  of 
these  boundaries  no  lode  of  any  appreciable  size  or  gold  contents 
has  been  found.  In  the  immediate  vicinity  of  this  limited  area, 
especially  on  the  north,  south,  and  eastern  boundaries,  a  consider- 
able amount  of  prospecting:  has  been  done,  at  shallow  levels  cer- 
tainly, but  deep  enough  to  intersect  any  lodes  which  are  likely  to 
exist.  Up  to  the  present  this  development  tends,  therefore,  lo 
prove  that  outside  the  gneissic  belt  it  is  improbable  that  extensive 
or  payable  lodes  will  be  discovered.  Veins  of  quartz  have  been  in- 
tersected, but  with  unfavourable  results,  both  as  regards  size  and 
gold  values.  There  is  no  apparent  reason  why  this  should  be  ex- 
cept that  the  chief  gold-bearing  lodes  are  pegmatitic  in  origin  and 
have  not  extended  beyond  the  gneiss,  the  pegmatites  in  the  green- 
stone areas  belonging  to  a  different  age  and,  possibly,  not  derived 
from  the  same  magma. 

High  gold  values  were  certainly  found  in  the  Recovery  lode 
but  not  for  any  great  length  in  the  reef.  Small  veins  have  also 
been  located  and  worked  successfully  in  the  greenstone  by  the 
prospectors,  but  such  have  invariably  been  proved  to  be  erratic 
and  small.  There  is  no  reason,  however,  why  a  repetition  of  the 
gneissic  belt  should  not  exist  on  the  low-lying  ground  to  the  east 
of  the  main  belt  but,  owing  to  the  surface  being  covered  up  by  a 
considerable  overburden,  it  would  be  impossible  to  form  any  but 
the  vaguest  idea  where  to  search  for  such  an  occurrence.  However, 
the  likelihood  should  be  noted  and  any  loose  floaters  or  rock  exam- 
ined in  case  fragments  came  to  tlie  surface  which  would  indicate 
the  existence  of  another  covered  up  gneissic  belt. 

The  mines  of  the  gneissic  belt  have  been  described  in  detail. 
Not  so  all  the  surrounding  leases  whose  workings  are  in  the  decom- 
posed greenstones,  and  do  not  exhibit  any  data  which  would  be 
worthy  of  record. 
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Bee  or  try   Gold  Mine,  GMXs.  2087,  2088.     (Greenfinch  Prop. 


Fig.  14. 


Geological  plan  of  workings,  Recovery  Gold  Mine. 

Location. — The  Recovery  gold  mine  lies  some  short  distance 
north  of  the  main  Edna  May  group. 
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Geology. — ^Attention  has  been  drawn  to  the  geology  of  the  coun- 
try rock  under  the  heading  of  greenstones.  The  main  lode  in  the 
lease  lies  in  the  coarse  hornblende  gneiss  which  is  bordered  by  a 
much  finer  foliated  hornblende  felspar  rock.* 

With  the  exception  of  the  main  reef,  the  leaders  or  quartz 
veins  worked  in  this  band,  though  of  fairly  high  gold  contents,  were 
too  small  to  peld  much  tonnage.  The  main  lode  has  been  followed 
to  a  vertical  depth  of  100  feet  by  an  underlay  shaft.  All  the  stone 
from  this  level  to  the  surface  has  been  stoped.  A  section  of  the 
reef  is  shown  in  Fig.  14.  Most  of  the  gold  shown  in  the  returns 
was  obtained  from  the  wide  portion  of  the  reef,  the  legs  not  only 
being  smaller  but  also  contained  considerably  less  gold. 

Sulphides  showed  in  the  stone  in  the  bottom  of  the  level. 

The  underlay  shaft  has  been  sunk  some  few  feet  below  the 
100ft.  level  but  was  full  of  water  on  date  of  inspection. 

Table  showing  the  Yield  of  the  (Greenfinch  Prop.),  Recovery  Gold 

Mine, 


Year. 


Name  and  Number  of  Lease. 


Ore 
crushed. 


Gold 
therefrom. 


Tons.       / 

Ozs. 

1911 

Greenfinch  Proprietary  G.M.,  N.L.  . 

47200 

478-93 

2086, 

2087, 

2088,  2635     . . 

1 

1912 

Do. 

.     1        3,450-  00 

1,647-93 

1913 

Do. 

.     '       2,878-00  : 

685-82 

1914 

Do. 

77600 

171  05 

1916 

Do. 

240-00 

43-30 

1916 

Do. 

Totel 

69-00 

26-92 

7,876-00 

2,858-96 

Myrtle  Consols  South  {Edna  May  Deeps  Mine)  G.M,Ls,  2238, 
2168,  etc. 

Situation. — The  lease  is  located  to  the  north  of  the  Edna  May 
gold  mine. 

Geology. — Three  distinct  classes  of  rock  are  found  in  the  mine 
— the  Edna  Miay  gneiss  and  the  greenstones  surrounding  this  belt, 
through  which  pass  narrow  granitic  dykes,  the  offshoots  of  the  mas- 
sive granite.  In  addition  to  the  above,  basic  dykes,  probably  directly 
connected  with  the  encasing  greenstones,  occur. 

The  nature  of  these  various  forms  of  rock  types  have  already 
been  discussed. 

The  principal  mine  workings  are  as  follows: — t 

1.     Main  Shaft  in  south-east  comer  of  lease  2238. 

The  vertical  depth  of  this  shaft  is  approximately  500  feet 
A  short  crosscut  was  started  at  the  240  feet  level,  but  discon- 
tinued. 


♦  Fig.  14. 
t  PUte  XIV. 


A  miJTTi  drive  has  been  opened  out  at  the  485  feet  level  on  the 
Edna  May  lode.  The  direction  of  this  drive  and  width  of  ore 
bi>dT  as  far  as  has  been  exploited,  may  be  seen  on  Plate  15. 

In  the  description  of  the  Edna  May  mine,  reference  has  been 
made  to  certain  basic  dykes.  One  of  these  plays  an  important 
f.K'ior  in  the  hmitations  of  the  south-west  end  of  the  Edna  May 
I'de.  In  the  *^ Deeps/'  the  same  conditions  exist,  for  though  the 
basic  dyke  A  is  not  clearly  distinguishable  at  the  end  of  the 
We  in  the  ** Deeps"  ground,  there  is  every  reason  to  believe  it 
Till  be  found  on  further  development  in  the  south-western  end 
of  the  mine.  The  tongue  of  greenstone  found  in  the  385  feet 
lerel  in  Edna  Mav  srround  on  the  footwall  of  the  lode  is  clearly 
seen  (on  the  footwall  of  the  lode)  in  a  corresponding  portion  in 
the  485  feet  level  in  "Deeps.'*  A  winze  connecting  the  shaft  to 
the  485  feet  level  follows  this  greenstone.  In  it  are  seen  numer- 
ous qoartz  veins  of  a  lenticular  nature,  which  were  at  first  taken 
loeallv  for  a  south-western  continuation  of  the  main  lode,  but 
which,  in  the  writer's  opinion,  are  distinct  from  the  main  ore 
body.  It  appears  to  be  highly  probable  that  a  south-western 
extension  of  the  main  lode  will,  therefore,  not  be  found.  There 
i=,  however,  or  should  be,  a  considerable  area  of  gneissic  rock 
jtill  south-west  of  the  main  shaft  for,  in  the  deep  bore,  the  green- 
stone was  not  intersected  until  a  vertical  depth  of  427  feet  was 
reached.  Such  being  the  case,*  there  is  a  possibility  of  exploiting 
payable  quartz  veins  in  this  direction. 

The  various  granite  dykes  and  quartz  veins  which  were  in- 
rerseeted  in  sinking  the  shaft,  have  been  plotted  on  the  sections, 
and  further  reference  is  unnecessary  here,  as  fchey  have  already 
been  fullv  described  in  the  previous  pages  of  the  present  report.t 

Water.— Owing  to  the  presence  of  heavy  underground  water 
:n  eertain  zones,  considerable  difficulty  was  experienced  in  sink- 
ing this  shaft.  The  first  water  met  with  was  undoubtedly  due  to 
^irfaee  water  soaking  through  and  accumulating  in  the  decom- 
posed country  rock  and  surface  beds.  These  conditions  prevailed 
from  the  natural  water  level,  75  feet,  to  a  depth  of  200  feet.  The 
3ow  of  water  between  these  levels  was  not  abnormally  heavy,  but 
°^  abaft  sinking  difficult,  more  particulariy  on  account  of  the 
saturated  nature  of  the  rock,  which  was  soft  and  spongy.  Very 
-nvy  nndergronnd  water  was  first  struck  in  the  depressed  bore 
•a  the  236  feet  level,  but  accurate  detuls  of  this  fiow  are  not  ob- 
'ainable. 

At  varying  intervals  in  the  shaft,  flows  of  water  were  struck 
ht  were  held  back  by  filling  the  water  channels  with  cement 
romped  in  under  pressure. t 

'  TUi  docs  not  allow  for  bore  deflection,  about  wbloh  there  bat  been  mndi  local  con- 

trormy.    For  podtion  of  bore  we  Plate  XXI, 
*  PtettnlaiB  glTeo  on  page  47. 
;  Tixttadan  j^ven  on  page  64. 
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The  most  seiious  of  these  flows  occurred  at  bhe  423  feet 
level.  After  this  one  had  been  cemented  back,  a  seam  of  cement 
in  the  sides  of  the  shaft  could  be  seen  at  least  one  inch  wide, 
dipping  slightly  to  the  south-east. 

From  the  evidence  collected,  it  seems  almost  certain  that  the 
presence  of  these  various  water  zones  is  due  to  the  horizontal 
fissuring  of  the  gneiss.  Sometimes  these  fissures  have  been  filled 
with  dyke  material,  sometimes  they  occur  as  open  cracks.  The 
prevailing  dip  of  both  dykes  and  fissures  is  to  the  south  or  south- 
west, therefore,  they  should  link  up  with  the  main  fault  plane, 
described  when  dealing  with  the  faults  and  dykes  in  the  Edna 
May.  Further  evidence  of  the  horizontal  fissuring  is  evidenced 
in  the  Edna  May  lode  itself,  and  the  dykes  which  have  been 
traced  through  the  various  levels  in  the  Edna  May  and  Central 
mines.  On  the  other  hand,  at  times  dykes  are  found  w^hich  do  not 
conform  with  this  rule,  but  having  a  steeper  angle  of  dip,  and 
consequently  cross  the  horizontal  channels.  Such  form  natural 
independent  water  reservoirs,  the  best  example  of  which  is  the 
one  which  was  intersected  at  the  300  feet  level  in  the  Edna  May. 
If  the  water  question  be  considered  under  the  following  headings, 
it  should  be  easily  grasped: — 

(1.)  A  main  fissured,  partly  open  channel,  running  parallel 
to  the  junction  of  the  Edna  May  gneiss  and  green- 
stone   on    the    foot  wall     or    southern    side     of     the 
gneiss. 
(2.)  More  or   less  horizontal   fissures,   open   or   filled   with 
dyke  material,  connecting  to  the  first  zone  and  act- 
ing  as    feeders    into    the   same,   and    finally    dykes, 
which  cross  the  first  two  zones  and  thereby  divide 
the    water   system    up,    forming    undergi'ound    water 
reservoirs.      The   reasons    for    drawing   these    conclu- 
sions may  be  more  readily  followed  by  perusing  the 
sections  on  Plate  XV. 
Unfortunately,  complete  and  accurate  data  of  tlie  pressures 
and  flows  encountered   was  not  recorded,  though   there  is  little 
doubt  that  the  pressures  correspond  more  or  less  closely  with  the 
hydrostatic    head.     Furthennore,   it    is    evident    that      continual 
pumping  is  lessening  the  undei*ground  water-flow,  and  has  lowered 
the  natural  water  level  considerably. 

Xo,  5  Shaft — Vertical  depth  76  feet.  Crosscuts  extend  70 
feet  north  20  degrees  east,  and  80  feet  south  20  degrees  west  from 
bottom  of  shaft. 

In  the  northern  crosscut,  30  feet  from  shaft,  a  small  quartz 
leader  and  several  smaller  veins  of  quartz  have  been  followed  for 
a  distance  of  eight  feet  west  and  12  feet  east.  The  general  strike 
of  these  leaders  is  N.  20deg.  west  and  south  20deg.  east  with  a 
dip  to  the  north-east.     The  country  rock  in  the  north  crosscut  is 
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;DdaBk  granite.  In  the  eastern  drive  off  north  crosscut,  a  granite 
iyke  is  seen  in  the  face,  but  is  not  pierced. 

In  the  northern  end  of  cro6aeut  another  dyfce  is  seen.  This 
dvke  is  flat  and  dips  slightly  to  the  south,  as  it  is  seen  passing 
r»jt  of  the  bottom  of  the  south  crosscut  at  a  distance  of  40  feet 
>)uth  of  the  shaft. 

The  strike  is  apparently  north-west  south-east,  with  a  slight 
unJeriie  to  the  south-west;  its  thickness  is  about  four  feet. 

I&  the  south  crosscut  the  country  rock  is  also  gneissic  granite. 
In  both  crosscuts  »inall  quartz  veinlets  are  common.  In  the  south 
•rusjoiC  there  is  rather  a  marked  distinction  in  the  colouration  of 
:r:e  ^eisi.  The  first  half  starting  from  the  shaft  is  dark  and  per- 
itetly  banded,  whereas  tbe  latter  half,  though  gneissic  in  structure, 
:<  yellow,  due  to  tbe  greater  portion  of  muscovite  mica  as  compared 
xith  biotite. 

Twelve  feet  above  the  level  are  two  small  stopes  on  the  side  of 
^:iaft,  strike  about  north  40°  west.  The  amount  of  stone  taken  out 
<•:  tbe  small  reef  here  is  about  eight  or  ten  tons. 

Gold  values  and  reef  cut  out  in  the  north  end  owing  to  the  in- 
ten«dion  of  a  small  granite  dyke  some  two  feet  thick.  This  dyke 
underlies  to  tbe  west  at  an  unknown  angle. 

Shafts  3  and  4. 

In  the  lirst  place  the  shafts  are  connected  at  the  36ft.  level,  and 
a  drive  extended  north-east  a  further  70  feet  past  No.  3  shaft. 

Thirty  feet  north-east  from  No.  3  shaft  the  contact  of  the  green- 
>ioDe  and  gneiss  is  dearly  seen. 

From  this  jimetion  south  to  No.  4  shaft  the  rock  is  gneissic 
irranite,  highly  decomposed  and  ccmtaining  innumerable  quartz  vein- 
iv:<  which  persistently  underlie  to  the  north-east. 

The  strike  of  these  veins  varies  from  north-  50®  to  north  80*^ 
west- 

From  No.  4  shaft  a  drive  extends  some  180  feet  south-west  at 
the  51ft.  level  (vertical).  In  this  distance  136  feet  is  in  gneissic 
r»^k,  when  the  change  to  much  weathered  greenstone  takes  place. 

At  a  distance  of  72  feet  from  the  shaft  a  reef,  four  inches  wide, 
*a>  cut  and  driven  on  for  short  distances  east  and  west.  This  reef 
'iip^i  to  tbe  north  and  strikes  approximately  east  and  west.  Small 
lantities  of  wolfram  were  found  in  this  reef.  Thirty-six  feet  fur- 
*f.er  south  in  the  crosscut  another  quartz  vein  was  cut,  striking  west 
-**>'  north  and  dipping  to  the  north-east. 

Another  level  has  been  opened  out  at  the  vertical  depth  of  77 
'^  in  this  shaft,  and  a  short  one  at  the  83  feet.  The  first  one  ex- 
tends southward  a  distance  of  121  feet,  the  latter  50  feet  northward. 
In  tbe  south  drive  the  greenstone  is  intersected  at  the  end  of  the 
^Jrire.  Sixty-two  feet  from  the  shaft,  the  reef  seen  in  the  50ft.  level 
(72  feet  from  the  shaft)  is  intersected.  Here  it  is  four  feet  wide, 
bat  dwindles  out  in  the  east  drive,  which  follows  its  course,  a  dis- 
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tance  of  some  50  feet.    Sma&  qnaslities  of  wolfram  are  found  in 
this  lode. 

Forty  feet  south  of  shaft  a  vem  strtMng  north  70°  west  and 
underi3dng  north-east,  has  been  driven  on  for  a  distance  of  18  feet 
west.  This  vein  is  18  inches*  thick  in  the  erosscut,  but  diminishes 
to  one  of  eight  inches  in  the  drive. 

A  small  dyke  of  coarse  "pegmaitite,  slariking  east  and  west 
through  the  shaft  just  above  the  le^l,  disappears  under  this  cross- 
cut. Another  dyke,  with  similar  dip  and  strike,  is  seen  in  the  nortli 
face  of  the  north  crosscut  at  tbe  83iSt;  level.  This  dyke,  which  has  a 
thickness  of  24  inches,  rises  f^m  floor  of  crosscut  up  to  the  nortli 
face;  it  is  practically  horizontal.  19ie  level  has  a  length  of  54  feet 
only.  At  a  distance  of  35  feet  from  the  shaft  two  short  drives  have 
been  put  in  from  this  crosscut  on  a  broken  vein  of  quartz,  which 
strikes  in  the  direction  of  the  drives  and  underlies  to  the  north-east. 
A  considerable  amount  of  wulfenite  is  present  in  this  vein. 

There  is  little  to  see  in  shaft  No.  2  as  the  drives  are  for  the 
most  part  filled  in.  The  shaft  has  a  vertical  depth  of  77  feet,  with 
two  east  and  west  drives  of  60  feet  east  and  70  west,  connected  at 
tlie  bottom  by  a  short  crosscut.  From  the  40  feet  to  the  bottom  of 
the  shaft  a  coarse  granite  dyke  is  the  rock  passed  through.  The 
footwall  of  this  dyke  can  be  seen  in  the  crosscut.*  The  western 
drive  was  filled  in  and  inaccessible.  A  large  quartz  vein  may  be 
seen  in  the  eastern  drive.  This  is  said  to  be  13  feet  in  thickness, 
but  the  walls  were  not  discernible  owing  to  the  ground  having  fallen 
in.  It  appears  as  if  this  quartz  is  striking  at  a  slight  angle  across 
the  planes  of  foliation  of  the  gneiss,  but  such  cannot  be  definitely 
stated  until  further  work  be  done.  If  such  be  the  case  it  is  certainly 
worthy  of  extensive  exploitation. 

Table  showing  the  Tield  of  the  Myrtle  Consols  South  {Edna  May 

Deeps). 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1912  Myrtle  Consols  leases  2168,  2238     . . 

1913  1         Do.               

1914  Do.               

1916             Do.               

1916             Do.               

Tons. 
41-00 
7100 

•  • 

1J40-00 

Ozs. 
22-81 
35-22 

•   • 

l,i46-32 

Total 

J 

1^2  00 

1,204  35 

Edna  May  Gold  Mine  G.M.L.  2180 : 

History. — ^An  application  for  the  right  to  mine  on  G.M.L.  2180 
was  lodged  by  J.  Annear  and  party  on  20th  December,  1910.      The 
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t  r«tiirn!t  pamc  from  that  iiortion  of  the  lode  lying:  near  the 
lern  houndary  of  the  \eafv.  and  were,  tlierefore,  not  EcnEstional. 
B-ftf  mil  until  (fie  present  eonijiany  opened  up  llie  73fi.  level  foi' 


*  length  of  over  200  feet  in  ounce  ore  that  serious  attention  was 
■;ra«Ti  to  the  value  of  this  mine.     This  development  oecurred   in 
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Geology. — The  Edna  May  lodee  lie  in  the  rock  known  as  the 
Edna  May  gneiss  (granitic),  though  the  major  portion  of  the  lease 
is  in  the  foliated  hornblende  felspar  rock  and  hornblendite,  both  of 
which  will  be  referred  to  as  greenstones. 

A  considerable  amount  of  prospecting  has  been  done  by  borins^ 
and  shallow  mine  workings  in  the  greenstone  areas  without  success. 
No  values  of  any  importance  have  been  found  on  the  lease  outside 
tile  gneissic  area.  The  greenstones  and  gneissic  rock  have  already 
been  described. 

Dykes. — In  the  gneissic  area  several  basic  dykes  occur  which 
can  be  traced  throughout  the  mine  workings. 

Dyke  A. — It  is  evident  in  section  (C-D)*  that  the  south-western 
end  of  the  main  lode  i)itches  to  the  north-east.  The  evident  cause  ol* 
this  is — 

(1.)   That  the  gneiss  was  sheared  at  right  angles  to  the  main 
lode   channel,   that  is,  api)roximately   parallel   to    tlio 
contact  of  the  gneiss  and  greenstones. 
(2.)   That  the  main  lode  channel  did  not  extend  past  this 
series  of  shear  planes  which,  in  consequence,  mark  tlio 
south-western  termination  of  the  lode. 
(3.)   That  as  these  cross  shear  planes  dip  to  the  north-east 
the  end  of  the  lode  has  a  corresponding  dip. 
The  massive  greenstone  does  not  actually  form  a  footwall  to  tiie 
end  of  the  lode, 

Tlie  dip  of  the  cross  shear  planes  varies,  hence  we  find  a  dif- 
ferent pitch  for  the  end  of  the  lode  between  the  150ft.  level  and  the 
surface  to  that  between  the  22,'3ft.  and  485ft.  levels  (Deeps). 

The  shear  plane  from  the  225ft.  downwards  has  been  subse- 
quently opened  and  filled  with  dyke  material  (Dyke  A),*  and  this 
fault  plane  can,  in  consefjuence,  be  easily  traced  in  the  mine  work- 
ings. Tliat  this  dyke  is  of  later  age  than  the  lode  is  evidenced  by 
the  presence  of  fragments  of  the  lode  quartz  in  the  dyke. 

Dyke  (B),  which  is  an  extremely  decomposed  one,  is  first  seen 
at  tlie  back  of  the  73ft.  level,  and  passes  through  the  main  lode  in 
which  it  has  been  traced  to  the  south  winze  between  the  225ft.  to 
the  300ft.  level;  after  this  being  reached,  it  is  not  seen  again. 

Dyke  (C). — This  dyke  is  found  in  the  Edna  May  Deeps  shafi 
at  344  feet,  and  probably  ni  the  Edna  May  Central  main  shaft  at 
21)5  r'tet.  It  should  oifur  somewhere  not  far  above  the  .'^S5ft.  level 
in  the  Euna  May  mine.  This  dyke  apparently  dips  wt\st  to  south- 
west at  a  small  angle  from  tlie  horizontal.  Both  B  and  C  dykes  are 
imi^ortiint  from  a  mining  point  of  view. 

Throuf^houl  the  mines  in  the  gneissic  area  are  numerous  granitic 
d>kes  wiiieh  cut  through  all  the  other  rocks.  These  are  import  ant 
factors  in  the  mining  operations  for  several  reasons,  the  chief  of 
which  are:      (1)    They  deplete  the  stopes  of  the  ore  in  the  direct 

~M»latc  XV. 
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Tjfio  of  their  thickness.     (2)  The  lodes,  when  faulted,  usaally  fault 

iliaiir  theiu   invariably    as   overthrust  faults,  and    (3)    They  act  as 

ater  carrier?  t>r  liank  the  water  up  forming  thereby,  at  times,  ex- 

fiiMxe  reser>'oirs.  which  have  considerably  hampered  mining  opera- 

The  thickness  of  theft^e  dykes  varies  considerably,  from  two  to 

•  it^  inche>  to  20  or  more  feet. 

As  a  prevailine:  rule  they  dij)  to  the  south-west  and  have  a  ten- 
■Innc-y  to  jret    smaller  as  tliey  proceed  north-east,  thereby  showing 

•  .at  the  intrusions  have  emanated  from  the  granite  on  the  south  or 
v»-*t  side  of  the  belt. 

Before  leaving  the  subject  of  dykes  reference  must  be  made  to 

•  le  srreenstone  found  on  the  footwall  side  of  the  No.  2  Edna  May 
."*\e.  At  the  73ft.  level  this  greenstone  was  intersectetl  but  not 
;  :u--ed  throuirh  by  a  crosscut  from  the  No.  2  reef.     The  main  cross- 

•  ut   at  the  loOft.   level   also  revealed  the  occurrence  of  greenstone 
r:  a  corrc*^|onding  position  but  not  its  thickness. 

In  the  depressed  bore  in  Edna  May  from  the  300ft.  level  the 
Vjre  ended  in  greenstone.  It  was  not  until  the  boring  for  the  lode 
lu  "IVei  s"  by  a  dei)ressed  bore  was  completed  that  any  light  was 

•  ruwn  as  to  the  extent  of  this  greenstone  belt.  This  bore,  after 
l»a<sing  through  the  lode,  i)a»^sed  through  eight  feet  of  greenstone 
••n  into  gnt^issic  rock.  Sections  cut  of  the  basic  rock  at  the  above 
int«*rsections  tend  to  a  general  classification  of  all  the  samples  as 

•  •ne  roek.  The  inference  is  then,  that  a  tongue  or  dyke  of  green- 
*'one  forms  a  fcK)twall  for  the  No.  2  lode.  No.  2  lode  joins  the  main 
'.«-l»*  jnst  above  the  300ft.  level,  and  as  greenstone  of  a  similar 
nature  as  the  suggeste<l  dyke  forms  the  footwall  of  the  main  lode  at 
i^oft.  level  in  "Deeps,"  and  also  in  the  depressed  bore  in  "Deeps,'' 
:t  fnllows  that  this  assumed  dyke  or  tongue  forms  the  footwall  of 
M:«*  main  lode  from  somewhere  near  the  300ft.  level  downwards. 
Tlji-5  will  probably  account  for  the  slight  narrowing  of  the  lode  in 
-D«^fw,"  hut  whether  the  narrowing  continues  upwards  to  the  300ft. 
\*'ye\  in  Edna  ^'ay  is  not  yet  known,  though  it  appears  highly 
pn»bable  it  will. 

Lodes. — In  the  Edna  May  lea.se  there  is  one  main  lode  and  sev- 
'";il  -smaller  veins,  the  most  important  of  which  are  known  as  the 
.^'«M»t«all  or  Xo.  2  reef,  and  tht  hanging- wall  reef.  The  main  body, 
i^  '^♦vn  on  Plate  15,  strikes  perceptibly  across  the  planes  of  folia- 
'w»n  in  the  soiitliern  portion,  but  gradually  turns  round  to  a  more  or 
I^-^s  east  and  west  course  and  follows  the  planes  of  foliation  of 
meisj*  just  after  the  lode  crosses  the  eastern  boundary  of  the  lease; 
without  doubt  the  richer  portion  of  the  lode  is  the  tirst.  From  the 
^'irfnt^  to  the  200ft.  level  there  is  an  extension  of  the  main  lode  in 
an  fflsterlv  direction  along  the  shear  plane  extending  from  this  level 


*  A  faJI  d«*cripclon  of  the  iwtare  of  the  above  rocks  U  to  be  found  in  the  pages  of  the 
prtaent  report,  and  the  petrological  descriptions  In  Section  D. 
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to  the  surface  already  referred  to.  This  portion  underlies  north  by 
east,  %vhilst  the  other  portion  of  the  lode  has  an  underlie  varying 
from  west  by  north  to  north  by  west. 

It  will  be  seen  that  the  smaller  veins  have  a  prevailing  strike 
apj)roximately  to  east  and  west  with  a  persistent  underlie  to  the 
north,  or,  in  other  words,  they  follow  the  planes  of  foliation  and  do 
not,  as  the  main  lode  does  in  the  southern  portion,  cut  across  the 
combs  of  the  gneiss.  In  several  instances  such  veins  are  found  to 
be  joined  to  the  main  ore  bodies,  and  may  therefore  be  considered 
as  offshoots  or  laterals  of  the  latter. 

On  the  other  hand,  there  are  numerous  smaller  veins  whose 
origin  is  doubtful.  These  have  no  direct  connection  apparently 
with  the  main  ore  bodies.  As  far  as  can  be  seen  their  origin  is  dif- 
ferent and  they  will  probably  be  found  to  be  merely  quartz  fillings 
from  siliceous-bearing  waters  of  foreign  origin,  or  segregation  pro- 
ducts of  the  gneiss  itself.  So  far  they  have  been  proved  to  be,  com- 
paratively speaking,  non-auriferous,  certainly  they  are  not  payable 
veins  under  existing  conditions.  Their  number,  however,  is  legion, 
and  in  certain  portions  of  the  gneiss  would  form  an  appreciable 
proportion  of  the  whole  rock. 

A  good  example  of  this  form  of  quartz  vein  is  to  be  seen  in  the 
north  crosscut  from  the  7Hfl.  level  in  the  Edna  Mav  Central.     The 
main  lodes  are  interesting  in  that,  though  they  represent  a  form  of 
occurrence  commonly  found  in  the  Eastern  Goldfields,  yet,  as  a  riilq 
such  have  not  proved  to  be  gold  producers  of  a  payable  nature. 

77/6?  Main  Lodes. — In  the  upper  levels  of  the  Edna  May  the 
main  lode  had  several  characteristics  which  made  it  a[)pear  as  if  the 
formation  was  due  to  ordinary  replacement  of  a  partially  closed 
fissure.  Throughout  the  quartz  were  remnants  of  the  walls,  and  the 
colour  and  texture  of  the  quartz  itself  seemed  to  be  variable  at 
different  points.  Owing  to  the  crushed  nature  of  the  lode  and  the 
form  of  mining  adojited,  investigation  was  difficult.  It  may  be 
noted  here  that  seldom,  if  ever,  could  more  than  a  small  section  of 
the  lode  be  seen  at  one  time  owing  to  the  fact  that  it  was  fractured 
horizontally  and,  in  conse^iuunce,  it  was  necessary  to  stope  in  sec- 
tions, the  roofs  of  the  sections  being  held  up  by  **false"  sets  an<l 
head  boards.  However,  in  the  lower  levels,  e  mditions  for  investiga- 
tion were  more  favourable,  and  the  rock  lorms  being  undecomposed 
gave  more  satisfactory  and  conclusive  results. 

Petrological  examinations  of  typical  samples  of  the  lode  taken 
between  the  oxidised  zone  show  that  the  (juartz  is  of  a  granitic  char- 
acter. Rows  of  fhiid  inclusions  are  constantly  present.  Felspar  is 
almost  invariably  present  and  constantly  associated  with  the  quartz 
plates,  being  either  contained  in  or  containing  this  mineral,  thereby 
proving  a  more  or  less  contemporaneous  solidification  of  the  two. 
Throughout  the  lode  wolfram  is  cf  common  occurrence  especially 
on  the  footwall  side.     This  mineral  usuallv  occurs  in  bunches,  but 
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^»inetmies»  in  elongrated  flat  lenses  on  the  footwall.  Galena  is  found 
-ometimes  in  fine  grains  or  crystals,  at  others  in  bunches.  Wul- 
lenite*  and  erocositet  are  occasionally  found,  more  particularly 
»here  the  quartz  is  at  all  inclined  to  be  vughy.  In  the  oxidised  zone 
<beelite  was  said  to  be  present  and  concentrating  tables  were  used 
r»  recover  this  mineral :  unfortunately  samples  of  the  concentrate 
^ere  not  procurable,  and  thete  is  some  doubt  as  to  whether  the  sup- 
.'•sed  scheelite  was  not  really  wulfenite.  Molybdenite  is  not  at  all 
::jl*re(iuent  and  is  found  not  only  in  the  lode  itself  but  also  in  the 
jTieiss.  Pvrites  and  uiareasite  are  found  in  bunches  and  minute 
-Heeks  scattered  irregularly  throughout  both  lodes  and  walls.  All 
.a:  metallic  minerals  taken  together,  however,  form  a  very  small 
M^retnta^e  of  the  whole,  and  concentration  was  found  to  be  unpro- 
ntable  and  in  consequence  was  not  continued. 

In  the  upper  levels  the  quartz  was  variable  in  general  appear- 
ance, being  sometimes  a  milky  white,  sometimes  clear  and  glassy, 
and  at  others  erlassv  but  either  coloured  brown  or  vellow.  As  a 
::en€ral  rule  traces  of  kaolin  were  found  throughout.  On  account 
••t  the  fractured  nature  of  the  quartz,  the  i)resence  of  the  kaolin 
appeared  to  be  due  more  likely  to  the  filtering  of  the  mineral  into 
tiie  cracks  than  the  decomposition  of  an  original  felspar.  In  the 
inaltered  zone,  however,  felspar  is  readily  seen  throughout  the  stone, 
more  particularly  in  the  southern  end,  where  the  pegmatite  structure 
is  very  evident;  in  fact  at  times,  the  lode  resembles  coarse-grained 
zranite  more  than  an\'thing  else. 

From  the  above  evidence  there  seems  to  be  no  reason  to  doubt 
that  the  nature  of  the  lode  Ls  granitic,  and  that  it  represents  tlie 
acid  residuum  of  a  quartz  felspar  pegmatite. 

The  occurrence  of  such  lodes  is  frequent,  but  the  high  gold  con- 
tents such  as  the  Edna  May  lode  possesses  is  unique  for  Western 
Aostralian   mining. 

In  the  Southern  Cross  area  numerous  similar  lodes  occur,  but 
the  gold  contained  does  not  amount  to  any  appreciable  quantity. 
Molybdenite  is  frequently  found  in  small  quantities  associated  with 
this  class  of  lode  throughout  that  area.  One  striking  feature  in 
:be  gold  occurrence  in  the  Edna  May  series  of  lodes  is,  that  where 
"*e  lode  crosses  the  planes  of  foliation  of  the  gneiss,  there  it  is  that 
TIC  high  gold  values  occur,  whereas  when  the  lode  is  found  running 
T«arallel  with  the  planes  of  foliation  the  gold  values  are  invariably 
>'W  and  inclined  to  be  erratic. 

Xatarallv  the  laterals,  if  this  rule  holds,  will  be  found  to  be 
l«>w-grade  and  patchy.  It  is  well  known  that  the  mineral  distribu- 
tion in  pegmatites,  or  any  dykes  of  granitic  character,  is  usually,  if 
not  invariably,  irregular. 

In  the  Edna  May  lode  the  highest  values  are  found  at  tlie 
•extreme  southern  end  of  the  lode  in  the  two  lower  levels,  and  in 


*  Tngittferom  molybdate  of  lead. 
t  Qmmmte  ot  lead. 
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the  75ft.  and  100ft.  levels  at  the  southern  bend.  These  values, 
though  not  quite  so  high,  extend  along  the  lode  to  where  it  forms 
a  big  bulge,  when  they  diminish  materially,  becoming  again  per- 
ceptibly less  a  short  distance  after  this  bulge  is  paSvSed  to  the  east- 
ward. 

The  gold  is  disseminated  throughout  the  quartz  as  a  rule  in 
the  finest  of  patches,  very  coarse  gold  being  a  more  or  less  rai'e 
occurrence  in  any  part  of  the  mine.*  It  is  found  in  close  associa- 
tion ^  at  times  with  the  wolfram,  molybdenite  and  wulfenite,  more 
particularly  the  first  material.  Tn  one  or  two  instances  gold  was 
found  well  embedded  in  felspar  crystals,  and  in  the  wolfram. 

There  is  no  evidence  of  any  extensive  secondary  segregation 
of  the  gold  in  the  lode;  what  data  there  is  rather  points  to  the 
conclusion  that  the  gold  was  formed  contemporaneously  with  the 
lode  material. 

It  is  dilHciiIt  to  fix  a  vertical  depth  for  a  sulphide  zone  as  there 
is  no  definite  line  between  oxidised  and  sulphide  ore. 

Galena  was  obtained  from  the  back  of  No.  1  stope  in  the  225ft. 
level,  i.e.,  a  vertical  depth  from  the  surface  of  208  feet.  Certainlv 
oxidation  did  not  reach  the  225ft.  level.  On  the  other  hand,  as  the 
lode  is  traversed  eastward  the  sulpliide  zone  seems  to  be  rising  but, 
nevertheless,  is  irregular. 

The  natural  water  level  of  the  gneiss  was  originally  about  75 
feet.  Below  this,  to  a  depth  of  about  200  feet  or  more,  the  drain- 
age from  the  weathered  portion  of  the  gneiss  was  comparatively 
heavy.  This  was  undoubtedly  due  to  the  weathered  rock  being 
saturated  from  surface  soakage  which,  on  continuous  pumping, 
was  eventuallv  drained. 

• 

A  far  greater  volume  of  water  than  the  above  was  encountered 
in  the  main  crosscut  at  the  300ft.  level,  the  first  water  pressun^s 
in  the  drill  holes  showing  821bs.  to  the  square  inch.  Even  w^Len 
pumping  a  volume  of  60,000  gallonsf  per  hour,  the  pressure  did 
not  fall  below  oOlbs.  to  the  square  inch  for  some  considerable 
time. 

Tt  has  already  been  noted  that  the  eastern  extremity  of  the 
lode  ends  at  a  shear  plane  which  strikes  approximately  east  and 
west  and  dips  to  the  north.  Also  that  most  of  the  granite  dykes 
dip  at  varying,  but  low  angles  to  the  west  or  south-west,  and  are 
C(mtinuous  through  tlie  lode  and  various  rock  formations.  When 
the  crosscut  at  the  300ft.  level  was  opened  up  it  was  found  that 
the  water  was  confined  behind  one  of  these  granite  dykes,  and  that 
the  country  was  heavily  charged  with  water  from  this  point,  which 
was  40  feet  on  the  foot  wall  side  of  the  shear  plane  above  referred 
to,  and  tlie  water  zone  extended  for  a  further  distance  of  40  feet 
on  the  hanging  wall  side  of  the  lode. 


•  Coancr  RoM  has  been  since  found  In  the  "  Deeps  "  and  385ft.  level,  Edn*  May 

t  According  to  estimate  of  management. 
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The  evidenee  seems  conclusive  that  this  is  the  main  water  zone 
in  the  mine  and  is  partly  supplied  by  water  permeating  along  the 
dyke  channels,  but  probably  the  main  supply  is  from  parallel  open 
ti'ssures  or  cracks^  such  as  have  been  cut  in  the  "Deeps''  main  shaft. 
Furthermore,  it  is  e\T.dent  that  the  granite  dykes  have  cut  this  water 
zone  up  into  sections,  the  water  of  each  section  being  more  or  less 
i>olated  from   the   other. 

Owing  to  the  irregularity  in  occurrence  of  both  the  dykes  and 
<>ien  water  channels,  it  is  impossible  to  supply  accurate  plans  or 
>ections  of  their  position  or  extent,  but  the  above  data  should  be  of 
use  in  mining  operations,  the  obvious  course  being  to  keep  bore 
holes  weD  beyond  the  working  faces  and  be  always  prepared  for 
heavy  flows  of  water,  especially  when  piercing  one  of  the  dykes. 

Faulting, — ^With  the  exception  of  a  small  fault  above  the  22oft. 
le^el,  there  is  no  evidence  of  faulting  in  the  mine.  In  the  exception 
eited  above,  the  changing  wall  lode  has  been  overthrust  on  a  granite 
dyke  a  distance  of  some  nine  feet.*  This  fault  will  probably  be 
fotmd  extending  thiough  the  other  lodes.  A  similar  faulting  is 
found  at  about  the  same  level  in  the  Central  mine,  but  whether  tlie 
two  are  connected  has  not  been  proved.  There  is  certainly  a  strong 
probability  of  such  being  the  case,  as  both  faults  are  approximately 
horizontal  with  a  throw  in  the  same  direction. 


Table  showing  the  Yield  of  the  Edna  May. 


Year. 


Name  and  Number  of  Lease. 


Ore 
crushed. 


I 


1912 
1913 
1914 
1915 
1916 


.  Edna  May,  2180         

I  Edna  ilay  G.M.  Co.,  N.L.,  2180,  2605 

M^\M»  ••  ••  ■•  •« 

M^^Jm  9     9  ••  ■•  •■ 

Do 

Total     . . 


tons, 

581  •  00 

9,11900 

28,998  00 

35,743  00 

36,623  00 


Gold 
therefrom. 


ozs. 
919-27 

8,975-21 
28,755-69 
.35,468-83 
36,821-40 


111,06400        110,940  40 


:Styrtle  Central  (Edna  May  Central)  Mine,  G.MZs.  2291,  25S5, 
2615. 

History. — The  Myrtle  Central  lease  2291  was  applied  for  by 
F.  Hanks  and  party  on  10th  February,  1911.  From  hearsay  evi- 
denee, it  appears  that  gold  was  discovered  on  this  lease  shortly 
after  the  Recovery  lode  was  found.  The  first  crushings  obtained 
were  not  high-grrade,  but  led  to  the  development  of  the  rich  portion 
of  the  lode  in  the  adjoining  Edna  May  lease.  The  lease  was  held 
qnder  option  by  the  Edna  May  company  during  part  of  the  year 
1913,  but  the  option  was  not  executed.  Shortly  afterguards  a  com- 
pany was  formed  under  the  name  of  the  Edna  May  Central,  and 
induded  leases  2585,  2615. 


•  r«A  Section,  Plate  XV. 
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The  mine  was  t^ton  etnii|)ped  witli  a  t#n-head  stamp  mill  which 
Ims  rim  continuously  slacc.  Diinii);  the  develo|iiuent  of  the  main 
lode  a  deposit  »t'  gold-hearing  :illu\'ial  was  discovered  overlyin*; 
tlic  eastern  porlinn  of  tiie  lode.    Ore  ivon  from  this  deposit  enabled 


the  mine  to  continne  working  and,  furtliermore,  led  to  the  discovery 
of  a  second  lode  whieli  is  now  the  mainstay  of  the  company.  This 
discovery  was  made  in  December,  1915. 
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UuriDg  Ihe  early  part  of  tlie  year  1916,  owing  to  the  publica- 
iiun  of  pheoomenally  high  assay  valaes  from  this  lode,  the  sliaren 
ri>K  far  beyond  thoir  intrinsic  value.  As  the  crushing  returns  did 
Tj-it  respond  to  these  values  there  was  thp  inevitable  slump  in  the 
oarket,  with  the  usual   result. 

Geology. — The  whole  surface  of  the  three  leases  is  covered 
uith  suparGcial  defiosits  of  varying  thickness.  The  geology  is  best 
^inilied  by  esamininp  the  73ft.  level  which  lias  been  extensively  ex- 
■.-"sed  by  numerous  mine  workiniW.*  At  this  level  the  major  por- 
tion of  lease  2291  is  found  to  he  in  pneissic  rock,  the  southern  por- 
'.'.•m  and  the  north-east  being  in  greenstone. 


tlie  jmeisH  umlerlies  noilh  it   shoiild  pass   under  thy  j;ri' 
I  lea.ses  2.')85  and  2()l'i  at  no  great  depth. 
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The  general  features  of  the  greenstones  and  gneiss  have 
already  been  discussed. 

Dykes, — ^The  granite  dykes  are  similar  in  every  respect  to 
those  in  the  Edna  May,  and,  in  some  instances,  are  continuations 
of  the  same. 

Only  one  basic  dyke  has  been  intersected  in  the  mine,  which 
is  probably  the  dyke  C*  found  in  the  "Deeps"  shaft  and  Duff's  bore. 
This  dyke  was  intersected  in  the  main  underlying  shaft  at  the 
295ft.  level. 

Lodes. — There  are  two  main  lodes  in  the  property:  one  the 
continuation  of  the  Edna  May  line;  the  other,  known  as  the  "new'' 
lode,  a  replica  in  many  respects  of  number  one.  Both  have  been 
mined  to  a  vertical  depth  of  225  feet. 

Edna  May  Lod€. — After  passing  into  Central  ground,  this  lode 
lost  its  gold  values  to  a  considerable  extent.  It  also  became  smaller, 
lenticular,  and  more  irregular  in  habit.  Apart  from  these  features, 
the  general  geological  characteristics  are  similar.  Wolfram  and 
molybdenite  have  both  been  found  in  isolated  patches  in  this  por- 
tion of  the  main  lode.* 

Edna  May  Central  New  lode. — In  the  latter  part  of  the  year 
1915,  wliilst  working  an  alluvial  deposit,  a  large  body  of  quartz  was 
cut  by  the  merest  chance.  On  development,  this  quartz  proved  to  be 
a  body  of  stone  similar  in  many  characteristics  to  the  main  lode. 
As  a  matter  of  fact,  the  two  lodes  appear  to  be  directly  connected 
by  the  No.  2  (Edna  May),  No.  3  (Central)  reef.  A  plan  of  the 
73ft.  level  workings  show  a  marked  parallelism  of  the  two  bodies. 
Further,  the  reversal  of  dip  in  the  south-eastern  end  is  common  to 
both.  Both  lodes,  when  crossing  the  plane  of  foliation,  bulge,  and 
the  gold  values,  though  not  proportional,  yet  are  higher  in  each  at 
the  bends  than  elsewhere. 

Tiie  distribution  of  the  gold  in  the  quartz  is  similar,  and  there 
is  even  a  strong  resemblance  in  the  quartz  itself. 

The  occun'enoe  of  felspar  and  the  characteristic  pegmatitic 
minerals,  however,  are  not  so  pronounced;  neither  were  they  in  the 
upper  levels  in  the  Edna  May  lode.  The  new  lode  seems  particu- 
larly free  from  base  minerals,  a  small  amount  of  iron  sulphides 
and  galena  being  the  only  ones  visible.  The  hanging  wall  "leg"  is 
different  in  form  to  an  ordinary  lateral,  but  is  comparable  with  the 
lianging  wall  reef  of  the  main  lode. 

Geologically,  the  chief  difference  in  the  two  is  that  the  south- 
west em  end  abuts  on  the  greenstone  proper  and  docs  not  end  on  a 
dicar  plane  as  in  tlie  main  lode. 

A  very  interesting  mining  as  well  as  geological  problem  arises 
as  to  what  will  ha])])en  to  these  lodes  at  depth,  and  as  this  subject 
concerns  the  Central  mine  more  closely  than  the  others,  it  may  be 
as  well  to  discuss  it  here. 

•  FIf?.  17. 
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The  data  gained  from  the  present  survey  point  to  the  following 
nmelasiuns: — 

(1)  That  the  lodes  are  of  pegmatitic  origin,  and  as  they  havo 
ao  extensions  beyond  tlie  gneissie  belt  they  must  necessarily  have 
nime  from  a  deep-seated  magma.  Their  permanency  at  deptli 
-JuaJd  therefore  be  assured,  though,  of  course,  the  size  of  the  veins 
r>r  their  mineral  contents  is  still  a  matter  of  conjecture. 

(2)  At  the  73ft.  level  there  seems  no  doubt  that  the  system  of 
luain  lodes  at  least  is  a  connected  one.  The  hanging  wall  reef  in 
rbe  Edna  May,  the  footwall  reef,  Edna  May,  or  No.  3  in  Central, 
imdoabtedly  connect,  as  also  does  the  hanging  wall  leg  of  the  Cen- 
tral new  reef. 

(.i)  As  the  footwall  reef  in  the  Edna  May  gradually  inclined 
towards  the  main  lode  and  eventually  connected  with  it  above  the 
M'Hift.  level,  so  the  new  reef  is  gradually  approaching  the  main  lode, 
and,  furthermore,  it  must  be  noted  that  the  west  end  of  the  main 
itide  is  also  moving"  towards  the  west  end  of  the  new  reef.  Under 
normal  conditions  this  intersection  should  take  place  in  ''Deeps" 
irr«>und  at  some  700  to  800  feet,  the  major  portion  of  the  reef  being 
in  the  deep  blocks  of  Central  ground. 

The  whole  system  of  quartz  reefs  in  the  gneissic  belt  appear 
t4i  be  ccmverging  to  a  common  source,  a  parent  dyke,  the  extent 
and  mineral  contents  of  which  it  is  impossible  to  foretell. 

To  enumerate  the  details  as  regards  the  extent,  dip,  etc.,  of  the 
\arious  quartz  reefs  and  lenses  in  the  mine  is  unnecessary,  as  they 
are  produced  on  the  accompanying  plans  drawn  to  scale. 

East  of  the  main  underlay  shaft  and  just  above  the  73ft.  level 
an  alluvial  deposit  was  intersected  which  was  distinctly  auriferous. 
The  extent  to  which  this  deposit  has  been  worked  may  be  seen  on 
plate  15.  What  the  real  width  is  cannot  be  stated,  as  only  that 
1  ortion  which  was  considered  milling  dirt  has  been  taken  out.  The 
t.-iekness  thus  worked  varied  from  about  4  feet  6  inches  to  8  feet; 
tij^  average  being  between  six  to  seven  feet.  The  deposit  consists 
A  sub-angular  quartz  pebbles  and  boulders,  cemented  together  with 
a  ferruginous  clay.  Gold  was  visible  in  some  of  the  pebbles,  also 
in  the  cementing  material.  At  times  the  pebbles  were  found  with 
patches  of  plate  gold  on  the  outside,  the  plates  having  an  area  of 
a  halfpenny  piece.  The  strike  of  the  auriferous  portion  of  this 
deposit  is  north-east  south-west  with  a  gradual  dip  to  the  north- 
east. 

The  south-w^est  end  is  apparently  striking  towards  the  outcrop 
of  the  south-west  end  of  the  main  lode  (Edna  May).  There  seems 
DO  doubt  that  the  "lead"  has  been  formed  partly  from  the  weathered 
portions  o^  the  main  lode  and  largely  from  that  of  the  new  lode. 
Speeimens  of  some  of  the  boulders  in  the  south-west  end  are 
ideuUeal  in  nature  to  the  stone  of  the  main  lode.  On  the  other 
jand,  there  is  a  class  of  boulder  which  seems  foreign  to  both  of 
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the  main  lodes,  and  thereby  points  to  the  possibility  of  a  third  reef 
which  at  })resent  has  not  been  discovered.  If  such  be  the  case,  it 
should  be  found  north-west  ot  the  Edna  Riay  main  shaft.  Prob- 
ably this  block  of  ground,  viz.,  between  the  Edna  May  main  shaft 
and  "Deej)S''  No.  2,  will  demand  more  attention  in  the  near  future; 
it  certainly  warrants  pros|)ectinj^. 

The  .irold  is  distinctly  of  two  classes — reef  and  precipitated 
g^old.  Some  of  the  pebbles  have  fine  gold  scattered  throughout 
them  and  resemble  so  closely  the  main  reef  stone  that  it  would  be 
impossible  to  doubt  their  common  origin. 

The  plate  gold  round  the  pebbles  and  in  the  cementing 
material  is  undoubtedly  precipitated  gold;  such  is  of  common  oc- 
currence in  the  alluvial  deposits  of  Western  Australia. 

There  is  no  data  available  whereby  the  gold  won  from  the 
different  lodes  and  alluvial  can  be  tabulated  separately. 


Table  showing  the  Yield  of  the  Myrtle  Central  {Edna  May  Central). 


Year. 


Name  and  Number  of  Lease. 


Ore 
crushed. 


Gold 
therefrom. 


1912 
1913 
1914 
191.5 
1916 


Myrtle  Central.  2291 

JL^V/«  ••  •■  ■•  B« 

Edna  May  Ontral  (I.Ms.,  N.L. 

Do.  2291,  2585,  2615 

i~^\Jm  «•  ••  ••  •• 


Total 


tons. 

OZ8. 

595  00 

190-38 

15600 

53-58 

7,029  00 

1.446-23 

25,027  00 

5.424-47 

.32,062  00 

1 

11,811-79 

64,869  00 

19,926  46 

Edna  May  Consolidated  Gold  Mine,  N.L.,  G.M.Ls.  2570, 
2617,  and  2644. — This  mine  now  embraces  the  two  following  leases : 
Myrtle  East  G.M.L.  2070  and  Edna  May  East  G.M.L.  2617. 

^Jost  of  the  mining:  operations  have  been  carried  on  in  the 
former,  the  old  Myrtle  East  lease,  which  joins  on  the  western 
lioundarv  to  the  Edna  May  Central  mine. 

■  • 

Five  shafts  have  been  sunk  on  this  lease,  four  varying  from  a 
vertical  depth  of  60  to  75  feet,  and  one,  the  main  shaft,  has  reached 
a  ievel  of  210  feet  below  the  surface. 

Maip  Shaft f  210  feet. — This  shaft,  after  passing  through 
overlying  superficial  deposits  of  a  thickness  of  some  50  feet, 
entered  the  gneissic  srranite  zone  and  remained  in  same  for  a  vertical 
dej)th  of  180  feet,  after  which  it  entered  the  underlying  greenstones 
and  remained  in  the  latter  rock  to  the  bottom  of  the  shaft. 

From  the  210ft.  level  crosscuts  were  extended  north-east  200 
feet  and  south-west  SO  feet. 

In  the  north-east  crosscut  the  gneiss  was  intersected  at  a  dis- 
tance of  40  feet  from  the  shaft,  and  the  crosscut  remained  in  this 
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t*iv,  h1  rook  tt>  the  end.  A  small  quartz  leader  was  passed  through 
:i  a  distant***  ot*  75  feet  from  the  shaft,  the  vein  having  a  north- 

es:  s«>utli-east  strike;  tliis  vein  was  followed  for  some  distance 
••►  rhe  nort]i-we»t,*   but  was  of  little  mining  importance  as  far  as 

^  development  showed.  Further  than  the  intersection  of  a  few 
iiminjf  quartz  seaius  and  very  small  pegmatite  veins,  the  crosscut 
i.'l  not  reveal  any  other  feature  worthy  of  notice. 

The  south-western   crosscut   is  in   the  typical   gi'eenstones  de- 
-^rilietl  in  the  previous  pages  of  this  report. 

In  the  early  stages  of  the  mining  the  water  level  was  between 
*i;<r  65ft.  and  70ft.  levels,  but  was  gradually  lowered  by  the  drain- 
A'^t  from  the  lower  workings  of  the  deeper  adjacent  mines.  The 
!."'irly  output  from  the  bottom  of  the  shaft  was  officially  given  as 
unier  5,000  gallons. 

Shafts  numbered  1  to  5  on  accompanying  plan  are  of  com- 
•aralively  shallow  depth,  the  maximum  being  75  feet. 

From  No.  1  shaft  crosscuts  extend  north-east  and  south-west, 
l.e  former  intersecting  No.  2  shaft. 

In  the  southern  crosscut  a  band  of  granitic  rock  was  inter- 
^'itil.  This  may  be  a  corresponding  or  the  same  band  to  that 
^••iind  in  the  plat  of  the  300ft.  level  in  the  Edna  May  mine,  but 
i*»  >o  weathered  here  as  not  to  be  readily  classified.  The  remainder 
'•:  the  southern  crosscut  is  in  highly  altered  greenstone.  The  north- 
»»a^te^l  crosscut  from  No.  1  sliaft  is  in  soft  decomposed  greenstone 
UiT  a  distance  of  GO  feet,  beyond  which  point  gneissic  granite  is 
T  le  prevailing  rock  in  all  the  workings. 

There  is  a  marked  difference  in  the  colouring  in  the  greenstone 
:n  this  crosscut.  For  a  distance  of  30  feet  back  from  the  gneiss 
'le  n>ck  is  of  a  dark-bro\\Ti  appearance  and  much  iron-stained. 
Fmm  this  point  to  No.  1  shaft  the  brown  is  replaced  by  a  pale  to 
•lark-green  colouration  with  dark-green  or  brown  bands.  A  similar 
r'-4-k  is  found  in  the  north  crosscut  from  No.  4  shaft  in  the  Golden 
l*«»int  (j.M.L.  2608,  and  at  about  the  same  distance  from  the  con- 
tart  of  the  gneiss  and  greenstones. 

There  are  strong  reasons  to  suggest  that  this  rock  is  produced 
')>'  the  decomposition  in  situ  of  some  rock  rich  in  magnesian-beainng 
minerals,  such  as  a  peridotite.  The  green  colouring  is  due  to 
HiFDmic  oxide. 

From  No.  2  shaft,  drives  and  crosscuts  extend  north  and  event- 
ually connect  with  No.  3  shaft. 

In  the  drive  immediately  east  of  the  shaft  a  vein  varying  in 
tbiekness  from  a  few  inches  to  four  feet,  but  yielding  payable  gold 
values,  has  been  opened  out  for  some  considerable  distance.  Stop- 
inu  for  a  width  of  from  two  to  three  feet  has  been  commenced  a 
*hort  distance  north  of  No.  2  shaft. 


•  ?\aU  XIV. 
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A  rise  connects  the  7oft.  levels  oi  No.  5  shaft  to  the  above 
drive. 

As  may  be  readily  seen  from  the  accompanying  plan,  uum^^r- 
ous  quartz  veins  have  been  intersected,  some  of  which  contain  suffi- 
cient gold  to  go  to  the  battery.  Of  these,  there  seems  little  doubt 
thai  the  reef  worked  in  No.  4  shaft  Ls  the  same  as  the  one  worke.l 
in  the  60ft.  and  75ft.  levels  north  of  No.  5  shaft,  and  is  probably  a 
continuation  of  the  "new  reef"  in  the  Edna  May  Central  mine. 

Most  of  the  veins  run  east  and  Avest  approximately,  i.e.,  parallel 
with  the  planes  of  foliation  of  the  gneiss.  It  has  already  been 
pointed  out  in  the  previous  pages  of  this  report  that  such  veins 
are  usually  lenticular  and  irregular  in  both  occurrence  and  gold 
contents.  On  the  other  hand,  the  vein  in  the  workings  to  the  east 
of  No.  2  shaft  strikes  across  the  planes  of  foliation,  and  this  vein 
should  be  worthy  of  further  exploitation.  The  same  applies  to  a 
reef  being  opened  out  in  the  winze  north  of  the  rise  from  the  75ft. 
to  the  60ft.  levels,  and  between  No.  2  and  5  shafts. 

There  is  also  a  large  area  of  gneissic  rock  in  the  eastern  area 
of  lease  2570  still  unexploited.  This  area  is  well  worthy  of  devel- 
opment on  the  chance  of  cutting  a  similar  deposit  to  the  Edna  May 
Central  main  lode  and  the  Central  "new  reef."* 


Table  showing  the    Yield  of  the  Edfia  May  Consolidated  G.M.Ls. 

2570,  2617,  2644. 


Year. 


Name  and  Number  of  Lease. 


Ore  Gold 

crushed.        therefrom. 


1916       Edna  May  Consolidated,  2570,  2617, 

i^Orfrrv  •■  ••  ••  •• 

Total     . . 


tons 


668  00 


668  00 


ozs. 


261   16 


261  16 


Golden  Point   Gold  Mine   G.M.L.   2008. 

Local  ion. — The  Golden  Point  mine  lies  to  the  immediate  south 
of  the  Consolidated  and  Edna  May  Central  gold  mines. 
Geologically  it  is  situated  in  the  main  greenstones. 

Geology. — In  no  instance  does  the  country  rock  outcrop,  the 
whole  surface  being  overlain  with  a  mantle  of  debris  the  maximum 
thickness  of  which  is  about  65  to  70  feet. 

Tlie  country  rock  is  highly  weathered  foliated  greenstone  cf 
the  prevailing  liornblende-felspar  type.  Possibly  the  hornblendite 
extends  through  the  lease  in  the  end  of  the  north  crosscut  from  No. 
4  shaft,  but  the  rock  is  so  highly  weathered  as  not  to  be  definitely 

•  since  writing  the  above  a  now  quartz  reef  has  been  cut  in  a  north-west  cross-cut 
from  the  main  north-eavst  cross  cut.  which  has  every  appearance  of  being  a  similar 
lode  to  the  "  new  reef  "  in  the  Edna  May  Central  mine,  vide  Plate  XIV. 
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•Wtenninable.      Throughout  the  workings  numerous  quartz  veinlets 
tA  t)egmatitie   dykes   have  been  cut. 

The  quartz  veins  have  not  proved  in  any  instance  to  contain 
/i.ynble  Jiold,  neither  do  they  in  any  instance  attain  sufficient  thick- 
I  •^  tt»  be  even  treated  as  low-grade  mining  propositions. 

The  principal  veins  are  found  in  shaft  No.  6  at  the  92ft.  level. 
:I  re  two  irrejrular  quartz  seams  were  cut,  and  the  western  one 
:«r.«»wed  in  a  drive  for  a  considerable  distance.  The  stone  was 
• 'Uowimj  the  planes  of  foliation,  but  was  too  low-grade  for  mill 
'Tv*tment  and  scarcely  warranted  prospecting  at  a  greater  depth. 
Both  veins  in  their  south-eastern  end  extend  into  the  Edna 
y-d}  ("onsols,  where  they  maintain  the  same  characteristics. 

X I r.— BATTLEFIELD  CENTRE. 

Tlie  mines   of  this  centre  belong  to  three  distinct  classes— 
ca.)    Reefs   occurring  in   an   acid  gneiss, 
(b.)   Reefs  occurring  in  the  foliated  greenstones, 
(e.)    Pegmatite  dykes  of  a  recent  age  occurring  in  the  foli- 
ated   greenstones. 
Of  the  first  class  there  are  two  examples— the  Hill  End  and 
I'aiiler-cum-Great  Battler.     Of  these  the  former  has  not  been  de- 
.^l«»ped  to   any  great  extent  owing  to  the  extremely  hard  nature 
•'    tije  encasing  rock.     The  reef,  however,  is  well  defined  and  the 
-:  •!*:    contents   encouraging. 

A  fairly  long  (|uartz  vein  has  been  opened  up  in  the  Battler 
-rr-Mip  for  a  vertical  depth  of  over  100  feet.  In  this  case,  the 
-r*-a<ins:  gneiss  was  soft  and  the  mining  conditions  comparatively 

•  •.-••nrable.  The  reef,  though  extremely  narrow,  contained  fairly 
i-rh  gold  contents.  Of  the  second  class  there  are  many  examples 
•  t,   with  one  exception,  the  veins  are  either  small  and  compara- 

•  ely  rich  in  gold  or  large  and  extremely  low-grade. 

The    Pertha   M.  reef,  which    belongs    to   the   second  class,  has 

•  •  --n  wf»rke<l  to  a  depth  of  over  100  feet  vertical,  and  though  the 
'*^t   in  the  shaft  is  large  and  high-grade,  it  has  not  been  opened 

•  :T  horizontally,  so  it  is  problematical  whether  the  reef  will  be  of 

•  rhHent   length  to  form  a  permanent  mine. 

Of  the  third  class,  there  are  one  or  two  cases  in  which  pegmatite 
^.n5,  of  an  age  later  than  the  main  Edna  May  lodes,  have  been 
■'.nnd.  carrying  free  gold,  but  it  is  extremely  doubtful  whether  they 
ill  ever  be  exploited  to  any  extent. 

In  all  three  cases  the  reefs  are  closely  associated  with  the 
i»arrence  of  granitic  dykes,  a  fact  which  tends  to  prove  the  dis- 
•irbed  nature  of  the  country  rock  in  which  they  occur. 

The  following  are  descriptions  of  the  mines  which  were  open 

'•r  inspeetion. 

Weston's    He  ward  Gold  Mine  2724. — Gold  was  first  discovered 
'  tbe  Westonis,  district  by  A.  D.  Weston,  his  application    for    a 
>5»anf  Claim    being  loiged  ca  20th  December,  1910. 
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The  lease,  -wliich  now  bears  (he  discoverer's  name,  is  situativl 
near  Booilalin  Soak,  Qeologically,  its  position  is  close  to  the  juoe- 
lion  ol'  the  ^eenstones  and  the  granites  which  outcrop  in  a  c«n- 
spictioiis  line  to  the  east  of  the  ''soak." 

On  the  surface  of  the  lease  a  rather  conspicuous  f]uart?  Jut- 
enip*  is  seen  striking  east  and  west.  The  gn\i  was  found  in  tlie 
vicinity  of  this  outcrop. 

In  all,  seven  shafts  have  been  sunk,  anii  a  certain  amount  of 
driving  and  erosscutting  done  at  levels  varying  in  vertical  depths 
from  Z'}  to  75  feet.  The  extent  of  these  may  be  seen  in  Fij;.  18  and 
F'ig.  19  which  shows  the  sections  across  Ibe  lode. 

Fig.   IS. 


■7 


Qeological  plan,  Weston's  Beward  Oold  Mine. 

'I'he  reel'  itself  is  a  large  one,  being  as  mueli  as  90  feet  across 
(itie  of  ils  wiliest  portions.  In  the  upper  levels,  partieularly  in  the 
easlei-n  end,  a  considerable  amiiunt  of  iron  o.vide  is  mixed  with  tbf 
i|iiart/,  but  lhi^  is  Hiion  replaced  by  sulphides.  The  amount  of  gold 
cstimjiled  fmm  bidk  sniiiples  of  the  lode  jiroper  is  low  and  not 
payable. 

In  sinking  No.  4  shaft  paynhle  s-'old  values  were  encountered 
I')  abiiiit  the  4(iff.  level,  but  these  were  pn.=pcd  through  and  misReil 
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a  the  drive  at  the  73ft-    le^'el-        However,  they  were  subsequently 

'5ind  and  stoped  out   for  a   distance  of  35  feet  east  of  No.  4  shaft, 

>iweeii  the  7:^ft.  and    46ft.    levels.      The  width  of  ore  broken  was 

Fig.    19. 


D 


'T" 


SECTIONS     OF 

I 

WtSTONS     REWARD 

1 

BOODAUN      SOAK. 

WESTONIA, 

Sc»l«  9t  Ffltt 

JU 

C# 

Q«o\osical  sectioiiB,  Weston's  Reward  Qold  Mine. 


axiut  20  feet  to  24  feet,  the  tonnage  represented  being  160  to  170 

t-.n>.     From  the  46ft.  level  a  stope  was  run  20  feet  west  and  35  feet 

♦^^t  from  the  shaft,  the  highest  point  being  10  feet  up  from  the 

4-  :t.   level.     The  total  tonnage  from  these  two  stopes  was  about 

-»•<»  tuns,  and  gave  a  return  of  28  dwts.  total  gold  per  ton.     The 

-t«me  broken  consisted  of  small  vein  quartz  and  gangue.     It  would 

i-.'licfar  that  the  gold  is  a  local  enrichment  in  the  crushed  green- 

**<«ne  forming  the  hanging  wall  of  the  main  lode,  and  does  not  give 

*>e  apfiearance  of  a  permanent  ore  channel.     Shaft  7  was  sunk 

*•»  a  vertical  depth  of  55  feet  and  then  on  the  underlie  to  the  73ft. 

fc^-W,     Drives  were  put  in  32  feet  south-east  and  35  feet  north-east 

''r.inri  the  shaft  at  the  55ft.  level. 
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In  the  western  drive  a  small  pegmatite  dyke  was  cut  in  which 
free  gold  was  noticeable. 

The  rock  in  these  drives  is  much  broken  and  contains  a  variable 
amount  of  auriferous  quartz  veins.  Immediately  under  the  level  is 
the  main  quartz  body,  which  has  not  been  prospected  at  this  point. 

At  a  distance  of  40  feet  west  from  the  bottom  of  the  shaft  a 
winze  has  been  sunk  to  a  depth  of  50  feet  in  the  sulphide  zone. 
The  country'  is  hard  and  the  veins  irregular  in  size  and  values. 

From  the  winze  to  the  shaft  another  stope  had  been  taken  out, 
producing  about  80  tons  of  crushing  stone  similar  in  nature  to  that 
already  referred  to.  Several  pegmatite  dykes  pass  through  the 
workings  in  the  directions  indicated  on  the  sections. 

From  No.  6  shaft,  at  a  depth  of  65  feet  from  the  surface,  a 
crosscut  has  been  driven  43  feet  south,  for  the  most  part  in  the 
main  lode.  In  the  north  crosscut,  at  a  distance  of  22  feet  from  the 
shaft,  broken  country  containing  quartz  leaders  was  driven  on  east 
and  west  for  distances  of  43  and  30  feet  respectively.  The  gold 
values  were  low  in  these  drives.  In  the  drives  the  country  rock, 
which,  like  the  footwall  rock,  is  a  foliated  felspar-hornblende  gneiss, 
is  much  broken  and  crushed. 

Taken  as  a  whole,  the  workings  reveal  the  presence  of  a  rather 
large  body  of  quartz  on  both  sides  of  which  the  containing  rock 
has  been  crushed,  and  in  these  fissured  zones  smaller  veins  of  quartx 
occur  which  contain  payable  gold.  The  main  body,  so  far,  has  not 
been  proved  sufficiently  high  gr&de  to  warrant  further  develop- 
ment. An  attempt  was  made,  by  boring,  to  intersect  the  main  lode 
at  a  vertical  depth  of  500  feet;  unfortunately,  this  bore  did  not 
meet  with  the  success  anticipated,  the  site  of  the  bore  hole  being 
apparently  too  far  to  the  west. 


Year. 


1915 
1915 

1916 


Table  showing  the  Yield  of  the  Weston^s  Reward. 


Name  and  Number  of  Lease. 


Weston's  Reward,  2724 

Weston's  Reward  G.Ms.  N.L.,  2724, 

md  i  \J  A,  ••  ••  ••  •• 

M-^XJ*  m     »  mm  *•  •• 

Total      . . 


Ore 
crushed. 


tons. 
3500 

418-00 
56-50 


508  50 


Gold 
therefrom. 


ozs. 
57-24 

384- r,»; 
40-10 


481  90 


Perth  A  M.  Gold  Mink,  G.M.L.  2816. — This  mine  is  situated 
about  25  chains  to  the  south  of  Boddalin  Soak,  ai-d  lies  almost  ad- 
.iaeent  to  the  Lloyd  George  G.M.L.  2259. 

The  main  workinirs  consist  of  one  shaft  sunk  to  a  vertical 
depth  of  88  feet.     Further  sinking  was  being  carried  on  with  the 
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intention   of  reaehing-   water  level  before  opening:  out  on  the  reef 
^gain. 


Fig.  20. 


40'     L 
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C  S.  /C/efson,  ^e/. 


Oeological  plan,  Pertba  M.   Gold  Mine. 


40//.  Level. — At  the  40ft.  level  the  reef  was  followed  in  a  drive 
>Urting  north  70  degrees  east  for  a  distance  of  27  feet,  and  south 
•>1  degrees  west  at  a  distance  of  21  feet. 
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Most  of  the  stone  from  the  back  of  these  levels  has  been  taken 
out  up  to  tlie  over-burden,  which,  in  this  particular  locality,  has 
a  thickness  of  some  17  to  21  feet.  There  was  still  stone  of  a  thick- 
ness of  four  feet  showing  in  the  western  face.  The  underlie  of 
the  reef  is  slightly  to  the  south,  but  for  practical  purposes  the 
angle  is  negligible. 

60ft,  Level. — At  this  level  a  serious  mistake  was  made  in  not 
sinking  deeper  before  opening  out  on  *he  reef,  for  as  it  is,  the 
workings  are  immediately  over  a  granitic  dyke,  and  though  tliere 
is  a  well-defined  reef  beneath  this  granite  "bar,"  immediately  above 
it  the  country  is  much  disturbed  and  the  reef  with  it. 

The  extent  of  the  workings  at  this  level  may  be  seen  on  the 
accompanying  plan. 

In  the  western  drive  the  dyke  above  referred  to  has  taken 
possession  of  the  drive.  This  dyke  is  comparatively  flat,  under- 
lying slightly  towards  the  north  at  an  angle  approximately  28 
degrees  from  the  horizontal.  The  dyke  in  the  drive  has  a  thickness 
varying  from  three  to  four  feet,  and  passes  through  the  shaft  im- 
mediately below  the  level.  In  the  back  of  the  level  little,  if  any, 
stone  can  be  seen,  and  what  stone  there  is  shows  signs  of  beinir 
much  broken  and  mixed  with  the  encasing  rock. 

In  the  eastern  drive  another  granite  intrusion  has  been  inter- 
secteil  in  two  places,  viz.,  at  the  end  of  the  north-eastern  drive  and 
at  the  end  of  a  short  crosscut  branching  from  the  drive  north- 
westward at  a  distance  of  20  feet  from  the  shaft.  This  granite 
may  be  a  tongue  of  the  main  mass,  but  possibly  is  the  western  wall 
of  the  massive  granite  outcropping  at  Boddalin  Soak.  Certainly 
the  contact  cannot  be  far  distant. 

In  the  south  crosscut  from  the  end  of  the  eastern  drive  there 
is  little  to  be  seen.  A  small  quartz  vein  was  followed  for  some 
considerable  distance,  but  this  soon  vanished. 

At  the  end  of  the  crosscut  another  small  vein,  carrying  gold 
in  a})preciable  quantities  in  places  only,  was  followed  east  an<l 
west.     This  vein  dips  to  the  south. 

When  the  mine  was  last  visited  the  prospectors  had  opened 
out  the  main  reef  at  the  bottom  of  the  shaft,  the  reef  here  having 
a  width  of  some  12  feet.  A  crushing  from  the  stone  broken  at  this 
spot  yielded  highly  payable  gold  values,  Tlie  policy  decided  on  at 
this  time  was  to  continue  sinking  to  water  level  rather  than  attem]>t 
to  open  out  the  reef  at  such  a  shallow  depth. 

The  mine  is  situated  in  greenstone  country,  and  lies  near  or  at 
tlie  contact  of  this  rock  and  tlie  massive  granite  seen  outcropping 
at  Boodalin  Soak.  Owing  to  its  proximity  to  the  granite  it  may 
rea^sonably  be  expected  that  other  granite  dykes  will  be  encountered 
in  subsequent  development. 
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Tahle  shoirinfj  the  Yield  of  the  Pertha  M  G.M.L.  2816. 


\«r. 

Name  and  Number  of  Lease. 

Ore 

crushed. 

Gold 
therefrom. 

m6 

Pertha  M.,  2H1B          

Total      . . 

tons. 
392-00 

OZH. 

263  41 

392  00 

263  41 

Hill  Exd  Mixe,  G.M.L.  2807.— The  work"  on  this  Jease  (Fig. 
-1)  has  been  chiefly  confined  to  the  exploiting  from  a  shaft  (main 
viali)  of  a  quartz  vein  running  in  and  parallel  to  the  sides  of  a 
samiw  helt  of  gneissie  granite. 

Fig.  21. 


GC0L06ICAL    PLAN    OF 

HILL    END   6.M.L  2807.  \       \ 

WESTON  lA.  \  \ 

\ 


Geological  plan,  Hill  End  Gold  Mine. 
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This  gneissic  granite  is  similar  to  the  Edna  May  belt.    Thei 
is  no  reason  to  doubt  its  intrusive  nature,  also  its  age  being  ^eater 
than  the  pegmatite  epoch. 

The  underlie  of  the  shaft  is  60  degrees,  which  represents  tho 
dip  of  the  reef. 

At  a  depth  of  45  feet  vertical  the  reef  has  been  opened  out 
with  a  drive  going  south-east  for  a  distance  of  27  feet.  In  tliis 
drive  the  reef  averages  probably  18  inches.  In  the  north-western 
drive  the  reef  is  not  so  well  defined.  Immediately  below  this  level 
the  sulphides  appear.  The  shaft  has  been  sunk  to  a  depth  on  the 
underlie  of  72  feet. 

About  12  feet  below  the  45ft.  level  a  drive  has  been  put  in 
south  in  the  sulphide  zone.  Here  an  excellent  liandng  wall  is 
seen,  and  a  regular  reef  heavily  charged  with  pyrites.  Visible  gc^ld 
is  common  in  this  stone,  and  the  owners  showed  me  some  excellent 
pan  prospects. 

The  country  here  is  very  hard.  One  or  two  very  small  pegma- 
tite dykes  are  seen  crossing  the  reef,  but  ai)pear  to  have  no  efTect 
on  either  its  continuity  or  gold  contents. 

Hill  End  No,  2  Shaft.— This  shaft  has  been  sunk  60  feet  on 
the  underlie,  following  a  more  or  less  irregular  body  of  quartz  of 
an  average  width  of  some  36  inches.  At  the  bottom  r.f  the  shaft 
a  crosscut  w^as  started  on  a  bearing  of  238  degrees,  and  extends  for 
a  distance  of  70  feet.  As  may  be  seen  on  the  plan*  the  end  of 
this  crosscut  is  trending  towards  the  end  of  the  crosscut  in  the  main 
shaft.  Except  for  a  few  small  quartz  veins,  nothing  of  importance^ 
was  intercei)ted  in  this  crosscut.  The  prevailing  rock  was  green- 
stone in  a  more  or  less  altered  form;  mica  is  common,  being  de- 
rived from  tlie  decomposition  of  the  hornblende.  This  is  more 
conspicuous  near  the  lode  than  elsewhere. 

No.  3  Shaft. — This  shaft  has  been  sunk  50  feet  on  the  underlie. 
A  crosscut  17  feet  in  length  has  been  put  out  to  intercept  tho 
gneiss,  but  was  not  continued  a  sufficient  distance  to  efTect  this 
object.  The  country  intercepted  was  greenstone,  in  which  the  niicji 
was  replacing  the  hornblende.  These  workings  are  all  in  the 
oxidised  zone. 


Year. 


Table  Hhou'mg  the  Yield  of  the  Hill  End  G.M.L. 


Name  and  Number  of  LeaHo. 


1915  Hill  End,  2807 

1916  Do. 


I  Ore 

crushed. 


tons. 
12600 

68-00 


Gold 
therefrom. 


oza. 


9:i-44 
4.3  •  4. H 


Total 


194  00 


186  87 


•  rig.  21. 


110 

Battler  (G.M.L.  2769)  and  Great  Battler  (G.M.L.  3004) 
\Ij>:t^.— The>€  mines  are  situated  near  the  townsite  of  Battlefield, 
->t  of  Boodalin  Soak. 


Pig.  22. 


Plan  of  workixigs,  Battler  and  Great  Battler  Gold  Mines. 
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Geology, — Three  classes  of  rock  are  represented. 

First,  a  narrow  band  of  granitic  gneiss  in  which  the  quartz 
vein  or  lode  occurs.  This  band  is  surrounded  by  the  prevailing 
greenstone.     In  both  the  above  are  typical  pegmatite  dykes. 

The  gneiss,  which  is  but  a  narrow  dyke  mass,  highly  foliated, 
has  been  already  fully  described  both  in  the  text  and  appendices. 

Mine  Workings,  Battler* — The  principle  mine  workings  are 
connected  to  a  main  underlie  shaft. 

No,  1  Level. — This  level  extends  north  from  the  shaft  into  the 
Great  Battler  and  a  short  distance  south  of  the  shaft.  The  vertical 
de[)th  is  51  feet,  and  on  the  underlie  59  feet. 

A  stope  has  been  taken  along  the  whole  level,  so  width  of  stone 
not  ascertainable.     The  south  face  was  blocked  and  not  accessible. 

No,  2  Level. — Vertical  depth  So  feet.  From  shaft  to  boun- 
dary the  ore  has  been  broken  to  the  51ft.  level.  Southward  the  level 
extends  j)ast  the  south  shaft. 

Between  the  main  and  central  shafts  the  quartz  vein  is  very 
small,  exce]3t  for  a  length  of  about  20  feet,  when  it  is  seen  to  have 
a  thickness  of  from  six  to  eight  inches.  The  reef  has  practically 
vanished  south  of  the  central  shaft. 

In  the  extreme  south  of  tliis  level  a  pegmatite  dyke  is  seen  cross- 
ing the  south  face.  The  strike  of  this  dyke,  though  uncertain  is 
north  of  east,  witli  a  dip  to  the  west. 

Xo.  .1  Level. — ^\'ertical  depth  115  feet.  A  drive  at  this  level 
connects  the  central  and  main  shafts.  It  also  extends  some  20  feet 
south  ot  the  central  shaft  and  GO  feet  north  of  the  main  underlie 
shaft. 

Between  the  two  shafts  the  thickness  of  the  quartz  vein  is  vari- 
able, but  in  no  instance  was  it  more  than  12  inches  thick  and  often 
only  three  to  four  inches. 

A  stope  was  started  60  feet  south  of  the  main  shaft,  where  the 
stone  was  about  10  inches  wide. 

North  of  the  main  shaft,  for  the  60  feet  driven,  the  average 
thickness  of  the  vein  was  about  six  inches. 

Throughout  the  mine  the  quartz  vein  is  small  and  irregular. 
The  encasing  gneiss  is  not  pay  ably  auriferous,  t 

As  greater  depths  are  being  reached  the  encasing  rock  is  get- 
ting perceptibly  harder.  Tlie  mine  is  a  comparatively  dry  one,  water 
being  almost  absent. 

The  Great  Battler. — The  quartz  vein  being  worked  in  this  mine 
is  a  continuation  of  the  one  in  the  Battler. 

Two  sliort  levels  have  been  opened  from  an  underlie  shaft  situ- 
ated close  to  tlie  southern  boundary. 

From  the  first  of  tliesc.  the  45ft.  level,  a  stope,  some  60  feet 
'n  length,  has  been  carried  up  to  the  surface. 

North  of  til  is  j^tope  the  vein  had  practically  vanished. 

In  the  shaft  the  vein  ap|>ears  to  be  not  more  than  four  to  six 
inches  wide. 

•  Fig.  22.         t  Manaj?er'a  word  for  this  statcnuMit. 
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The  se<*ond  level  has  a  vertical  depth  of  93  feet.  Some  25  feet 
L»nh  of  the  shaft  the  reef  makes  a  sudden  bend,  and  in  this  bend 
4  nife  body  of  stone  was  found.     Unfortunately,  however,  it  soon 

:t  out  into  a  mere  thread. 

The  walls  of  the  lode  in  the  Great  Battler  are  similar  to  those  in 
t'e  Great  Battler,  viz.,  gneiss,  and  as  this  band  is  found  on  the  sur- 

it-e  S4>me  etmsiderable  distance  north  of  the  present  workings  there 
.>  >till  a  chance  of  finding  more  stone  by  driving  north  in  this  ore 
^&nneK  otherwise  the  mine  must  be  considered  as  one  containing  a 

»-rv  Mnall  tonnage  of  fairly  high-grade  ore  as  the  following  official 
:f-"ims  >how. 


T'llfle  ahoicing  the  Yield  of  The  Battler  and  Great  Battler  Beefs. 


\t^T. 


Name  and  Number  of  Lease. 


!«#l-5        Battler,  2769 

I^I.l        Edna  May   Battler  G.M.   Co 
276»  

11«16        (;reat  Battler,  3004    ,. 

ToUl      . 


.   N.L., 


Ore 
crushed. 


Gold 
therefrom. 


Tons. 
11500 

243  00 

1,745  00 

50-50 


2,153-50 


0Z8. 

170-64 

195-97 

1,713-39 

68-86 


2,148  86 


-'.^ 


Violet  May  Mine  G.M.L.  2S7S. — On  the  south-western  boun- 
i-y  of  this  lease  are  two  shafts  sunk  to  develop  some  irregular 
arlz  veins  in  a  very  coarse  pegmatite  dyke. 

The  underlay,  or  northern  shaft,  has  a  vertical  depth  of  six 
^',  and  then  on  the  underlie  for  a  distance  of  27  feet  at  an  angle 
•  .V»'  towards  the  north-east. 

The  dyke  is  in  the  foot  wall  of  the  shaft.     At  the  bottom,  the 

«ir.snng  wall  is  exposed.    A  small  hole  in  the  foot  wall  of  the  shaft 

s  the   footwall   of  the  dyke,  which   has  a  thickness  here  of 

-'i-t  feet  six  inches.    The  quartz  veins  being  worked  are  irregular, 

'  1  in   size,  shape,  and  direction.     In  some  places  the  dyke  is 

-'.  ly  felspathic,  in  others  extremely  acid.     This  latter  phase  is 

rtieularly  noticeable  in  the  southern  shaft.     This  shaft  has  a 

-  tifal  depth  of  28  feet  and  has  just  struck  the  granite  in  the 

It  is  asserted  by  the  owners,  Messrs.  Hansen  Bros.,  that  gold  is 

R«l  in  appreciable  quantities  in  the  dyke  itself.     It  is  probable 

-'  the  s^aine  dyke  extends  into  lea^e  2879.     A  lot  of  dry-blowing 

vi  fvHteening  has  been  done  near  this  boundary,  which  would  in- 

»-;»>  that  some  lode  or  other  is  shedding  gold.     There  are  indica- 

a-*  of  other  dykes  being  present  in  this  vicinity,  but  they  have  not 

*h:  exposed  sufficiently  to  map. 
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XIIL— €ONCLUSIONS. 

The  Westonia  belt  consists  of  a  series  of  rocks  comprising  sedi- 
ments (metamorphie)  and  intrusives  of  both  a  basic  and  acid  char- 
acter.    Surrounding  this  complex  is  the  massive  granite. 

The  sediments,  from  a  mining  point  of  view,  are  not  an  import- 
ant type  of  rock,  for  they  are  neither  metalliferous  nor  auriferous. 
Of  the  intrusives  the  principal  types,  taken  in  order  of  age,  are 
the  following: — 

A. — The    prevailing   foliated   hornblende   felspar   series,    tlie 

typical  greenstones  of  the  area. 
B, — Acid  gneisses.     Of  these  the  best  example  is  the  Edna 
May  lens,  with  the  subordinate  equivalents  at  the  Bat- 
tler and  Hill  End  mines.     These  are,  from  a  mining 
standpoint,  the  important  rocks  in  that  they  contain, 
with  minor  exceptions,  the  payable  lodes  of  the  dis- 
trict. 
C-  -Basic  igneous  rocks.     These  occur    as     intrusives     into 
chisses  A  and  B  in  the  fonn  usually  of  naiTow  d>kes. 
They   are   of   an   extremely   basic   character,    and    aro 
technically  termed  hornblendit^s. 
D. — A  double  series  of  acid  dykes  or  apophyses. 

I.  An  ultra  acid  variety,  highly  auriferous  and  of  a 
greater  age  than  Class  C.     Of  this  variety  tho 
main  lodes  of  the  Edna  May  consist. 
II.  A   later,   in   fact   the  latest,   series   of  intrusives 
occurring  in   the  form  of    normal    pejrraatites 
and      white      aplites,     both      essentially      non- 
auriferous. 
Recent   surface   deposits,   the  partially  stratified   talus    of    tlu 
country  rocks,  pay  ably  auriferous  in  one  instance,  were  traced   ir 
the  vicinity  of  the  outcrops  of  the  main  lodes  of  the     Edna     Ma> 
group. 

Reviewed  from  a  mining  standpoint,  the  facts  obtained   poin 
strongly  to   the   following  conclusions: — 

(1)   That  the  gneissic  areas,  though  very  limited,  have  up  t< 
the  present  only  been  partially  prospected,  also,  it   i 
evident  tliat  the  main  gold-bearing  lodes  occur  in  thosi 
areas. 
(2.)   Outside  the  gneissic  zones  the  quartz  veins  which  hav 
been  found  have  proved  very  small  and  erratic,   witi 
two  doubtful  exceptions,  the  Recovery  and  Pertha  ^1 
lodes. 
The  possibilities,  therefore,  are  that  new  lodes  will  be    foiini 
in  the  main  gneissic  area  (in  particular),  and  minor  veins  of  a  pay 
able  nature  in  the  surrounding  greenstones. 

The  longevity  of  the  main  lode  is  extremely  probable,   tbousrl 
of  course,  the  gold  contents  at  depth  will  be  problematical. 
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Tliere  is  no  reason  why  fresh  gneissic  areas  should  not  be 
;  ^are<l.  but  pnispcctingr  for  such  would  be  extremely  difficult  and 
ifir  dii>eoverv  nierelv  fortuitous. 

It  miorht  certainly  benefit  prospectors  to  look  out  for  gneissic 
ri«:-k  first,  in  their  pursuit  of  gold-bearing  lodes,  searching  carefully 
IT.  any  areas  of  this  class  of  rock  they  may  locate;  it  would  certainly 
-L  .ance  their  chances  of  success. 

XIV.— COUNTRY   SOUTH  OF  CHERITON'S. 
GENERAL  DESCRIPTION, 
After     travelling     southwards     from     Cheriton's  along     the 
•«^ten    track,    for    a    distance    of    above    four   miles  a   noticeable 
ianee  takes  place  in  the  veiretation,  surface  roiiks,  and  surface  con- 
-Tira'ion.     In  place  of  the  moiTcIl  forests  and  gimlet  wood  thickets 
'  n.?  sfe<  only  stunted  vegetation,  with  an  occasional  clump  of  gums, 
ni  m  the  spring  time  an  abundant  variety  of  wild  flowers  notice- 
s'! v  liiffereiit  from  those  of  the  northern  portions  of  the  field.   The 
r-K-ks  here  exposed  are  either  granite  or  remnants  of  an  extensive 
^ -tiiiiitntarv  s?eries. 

The  surface  instead  of  being  hilly  and  rough,  is  undulating, 
iith  tx-t*asional  elevations  which  have  the  appearance  of  hills  when 
•\»  wei  from  a  distance,  but  do  not  rise  to  any  appreciable  altitude. 

Tlicre  is  little  if  any  change  from  this  class  of  country  till 
>''int  Holland  is  reached,  when  similar  country  to  the  Parker's 
Ranrre  district  is  encoimtered.  A  narrow  strip  of  greenstone  coun- 
rrr.  running  more  or  less  parallel  to  the  road  as  far  south  as  Hat- 
'"r'<  Hill,  is  responsible  for  this  change. 

Huir«iin2r  this  greenstone  belt  on  the  west  from  Mount  Holland 
"  Mid-Ironeaf)  is  a  belt  of  sediments  resembling  closely  those  to 
'  -•  we^t  of  Parker's  Range  and  Cheriton's. 

Tlic  North  Ironcap  is  a  conspicuous  land  mark  in  tliis  series. 
Pa^!sing  through  the  Mid  and  South  Ironcap,  both  of  which  are 
-  -■  et>nsj  icnoiis  landmarks,  is  a  similar  belt  of  sedimentary  rocks, 
t.i  identical  lithological  characteristics. 

Vroin  Hatter's  Hill  to  Cowjenup  plain  country  is  the  prevailing 
']«#'.  in  Tt'Snch   are  occasional  granite  knobs,  conspicuous  amongst 
i'^L  i*  Mount  Gibbs. 

Just    visible  to  tlie  east  or  north-east  from  the  highest  points 

»  -♦-.mentioned  the  tops  of  the  hills  of  Bremer  Range  can  be  seen 

I  he  far  distance,  with  occasional  glimpses  of  the  intervening  lake 

^tm    the  <outh-western  extension  of  the  Johnstone  lake  series. 

From  Iron  (^ap  to  Bremer  Range  the  country  presents  little,  if 

'.  f'liamre. 

At  Cowjenup  a  tributary  of  the  Oldfield  River  has  cut  a  deep 
*^nDi4  through  the  surface  debris  down  to  the  granite,  which  alters 
'^^  Cf>nffguration  of  the  surface  slightly,  but  is  not  worthy  of  fur- 
*  *T  notiee. 
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The  track  of  the  Rabbit-Proof  Fence  traverses  pronounced 
undulating  country;  most  of  the  road  is  sandy,  with  occasional 
ironstone  gravel — (laterite) — patches,  on  the  crests  of  the  higher 
ground.  Conspicuous  outcrops  of  granite  are  common  and  form 
the  only  relief  to  a  most  monotonous  landscape.  Similar  country 
extends  westward  of  the  fence  as  far  as  the  eye  can  reach. 

WATER   SUPPLY. 

During  the  winter  months  of  average  rainfall  there  is  an 
abundant  supply  of  water  on  the  granite  rocks,  but  this  cannot 
be  counted  on  during  the  summer  months. 

On  the  main  road  to  Cowjenu|)  from  Cheriton^s  the  following 
waters  are  more  or  less  permanent: — 

Split  Rocks — 8  miles  south  of  Cheriton's. 
Afount  Holland — 17  miles  south  of  Sjilit  Rocks. 
Government  Tank — 18  miles  south  of  Mt.  Holland. 
Digger  Rocks — 20  miles  south  of  Government  Tank. 
Hatter^s  Hill — 12  miles  south  of  Digger  Rocks. 
Mt.   Gibbs— 7  miles  south  of  Hatter^s   HUl. 
144-Mile  Rabbit-Proof  Fence— 8  miles  south  of  Mt,   Gibbs. 
154-Mile   Rabbit-Proof   Fence— 10   miles   south   of  144-Mile 

Rabbit-Proof  Fence. 
170-Mile   Rabbit-Proof   Fence— 16    miles   south   of   154-Mile 
Rabbit-Proof  Fence. 
On  the  Rabbit-Proof  Fence  from  Burracoppin  to  Cowjenup, 
there  is  a  good  supply  of  water  at  short  intervals,  but  this  can  only 
be  used  by  special  permission  from  the  Government  Inspector. 

The  track  from  Forrestania  to  Bremer  Range  is  not  so  well 
watered,  but  during  the  wet  season  tlie  supply  is  adequate  for  pros- 
pectors. 

After  leaving  Forrestania  the  first  water  is  reached  on  a  trav- 
elling distance  of  10  miles;  this  is  known  as  Allen's  soak.  There 
is  })lenty  of  water  here  but  it  is  more  suitable  for  stock  than  drink- 
ing i)urposes,  the  water  being  very  dark,  due  to  decaying  vegetation. 
After  rain,  water  can  be  obtained  in  abundance  at  distances 
of  17  and  26  miles  east  from  Allen's  soak.  At  a  distance  of  nine 
miles  from  the  last,  that  is  ,%  miles  from  Allen's  soak,  there  is 
another  soak  which  yields  a  good  supply  of  water  but  is  decidedly 
brackish  owing  to  its  proximity  to  a  salt  lake. 

However,  six  miles  east  from  tliis  is  what  is  likelv  to  be  a  verv 
j)ermanent  supply  of  good  drinking  water.  This  is  also  a  soak 
from  granite  rocks.  Considerable  quantities  of  water  were  drawn 
liore  without  exhausting  the  supply.  In  the  summer  months  this 
is  the  only  known  permanent  water  supply  for  Bremer  Range,  and, 
by  the  road,  is  17  mil(»s  west  from  Mount  Gordon. 

A  now  tank  lias  !)een  excavated  near  the  leases  at  Forrestania 
wliich  witli  a  natural  chiy-pan  catchment  should  yield  a  more   or 
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l>ernianent  supply  when  once  filled,  unless  very  extensively 
irawn  opon. 

There  is  usually  water  at  Native  Rock,  immediately  to  the 
-•uth  of  Xorth  Ironeap. 

With  these  exceptions,  the  water  supplies  can  only  be  relied 

l-»n  during:  the  winter  months,  or  a  short  time  after  rain  for,  as  a 

-'-ntral   rule,    the    clay-pans   and   rock-holes   are   too   shallow   even 

Uii  completely   filled  to   last  any  appreciable   time   during  the 

-immer  months. 

One  main  cut  track  extends  from  Southern  Cross  southwards 
I"  the  Rabbit-Proof  Fence,  intersecting  the  fence  at  the  144-Mile 

For  the  most  part,  from  Cheriton's  the  track  is  sandy  and  only 
M-tiaJly  cleared  of  stumps  and  roots,  but  has,  nevertheless,  been 
Taver^^    successfully    by    teams   and    several    motor   cars. 

The  track  on  the  Fence  itself,  though  sandy  in  places,  has  been 
-*I1  fleared  for  vehicular  traffic,  but  can  only  be  used,  as  already 
**ii*Hl,  by  spe<*ia]   permission. 

The  other  routes  marked  on  the  maps  are  merely  bush 
:ra.-k>  and  usually  very  rough  and  heavy,  notably  the  one  from 
-iTfstania  to   Bremer  Range. 

TIMBER. 
Taking  the  area  as  a  whole,  timber  is  scarce,  though  there  are 
••^^asional  small  belts  of  gum  and  gimlet  wood  suitable  for  mining 
irp<i>«-s.     The  best  supply  is,  without  doubt,  on  the  greenstone 
- '  h-insr  between  Mt.  Holland  and  Mid  Ironeap. 

GEOLOGICAL   FEATURES. 
The  rock  types  of  the  area  under  review  may  readily  be  classed 

-  tonr  groups: — 

(1.)   Granites   and  their  apophyses. 
(2.)   (ireenstones — (a)   Older  series. 

(b.)  Later  series,  dolerites. 
1 3.)    Sedimentary  rocks. 
(4.)    Superficial  deposits. 
TakinsT  the  area  as  a  whole,  considerable    difficulties    present 

-  ^mselves  in  the  mapping  of  these  rock  types,  as  is  generally  the 
a-^  on  the  Eastern  fields,  but  more  i)articularly  so  in  this  area,  as 
*  ♦•  CTeater  portion  of  the  surface  is  not  only  masked  by  superficial 

"I'^i^itf  but  often  by  dense  scrub. 

In  the  granite  areas  the  overiying  debris  is  chiefly  sand  or  loam 
-I:  not  infrequent  patches  of  siliceous  and  less  common  ferrugin- 
i^  laterites. 

These  de|?ositft  are  derived  from  the  disintegration  of  the  gi«an- 
'*-  itself,  the  breaking  up  of  the  remnants  of  a  once  extensive  sedi- 
'  *^tary  deposit  and,  in  a  lesser  degree,  to  the  waste  from  the  mas- 
•i.>  srreenstones  and  recent  dolerite  dykes.     In  consequence,  many 
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square  miles  of  tlie  surface  present  nothing  else  to  the  observer 
than  sand-plains,  with  very  occasional  outcrops  of  granite,  and 
more  rarely,  isolated  patches  of  highly  altered  sedimentaries. 

In  addition,  except  where  bush  fires  have  lent  a  helping  han«l, 
much  of  the  surface — and  this  applies  to  the  greenstone  areas  as 
well — is  overgrown  with  thick  scrub  matted  with  fallen  timber  and 
vines.  These  surface  conditions,  together  with  the  scarcity  of 
water,  the  abundance  of  poison  plants,  etc.,  make  the  accurate 
mapping  of  this  area  extremely  difficult,  and  only  possible  by 
prolonged  work  and  an  expensive  and  complete  outfit. 

The  boundaries,  as  delineated  on  Plate  V.,  must,  therefore, 
only  be  taken  in  a  broad  sense  and  as  a  recx^nnaissance  sur\'ey 
bnlv. 

SUPERFICIAL    DEPOSITS. 

Scattered  almost  universally  over  the  underlying  rocks  is  a 
mantle  of  debris  varying  in  thickness  from  a  few  inches  to  several 
feet;  the  composition  of  which  varies  almost  as  much,  if  not  more, 
than  the  thickness. 

Typical  sections,  however,  often  show  the  upper  layers  to  be 
loose,  incoherent  sand  and  ironstone  nodules  overlying  a  mixture 
of  sand  and  loam,  in  which  are  numerous  rock  fragments.  Still 
deeper  the  mixture  is  often  cemented  with  a  hard  compact  conglom- 
erate rock,  the  cementing  material  being  either  lime  and  iron  oxides 
or  silica,  or  a  combination  of  all.  In  other  instances,  clav  beds  have 
been  cut  under  the  overlying  sand,  which,  being  impenious  to 
water,  are  found  extremely  useful  in  the  formation  of  water  reser- 
voirs. A  less  frequent  covering  are  the  ferruginous  and  siliceous 
laterites,  the  latter,  as  a  general  rule,  being  indicative  of  underlyinu 
granite. 

There  is  little  doubt  that  the  lake  beds  are  built  up  to  a  con- 
siderable depth  with  recent  deposits,  but  there  was  no  opportunity 
of  studying  their  comjwsition.  The  upper  layers  are  composed  of 
very  fine  sediment  impregnated  with  magnesium  and  sodium 
chlorides,  and  in  which  gy]:)sum  is  commonly  found. 

Scattered  through  the  sand-plains  are  numerous  small  belts 
of  re<l  soil.  It  seems  more  than  probable  that  these  patches  are 
derived  from  the  washing  away  of  basic  dykes,  the  dykes  beinur 
probably  dolerites  of  a  later  age  than  the  granites.  This  is  cer- 
tainlv  the  case  in  sonie  instances. 

SEDIMENTARY  ROCKS. 

With  two  exceptions  the  rocks  of  this  class  are  only  repre- 
sented bv  scattered  remnants. 

After  leaving  Clieri ton's,  as  already  related,  the  greenstone 
belt  ceases  and  the  country  opens  out  into  more  or  less  undulatintr 
plains,  with  occasional  rises  and  granite  knobs  to  break  the  mono- 
tony. 
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On  the  higher  ground  it  is  not  at  all  uncommon  to  find  rem- 
Dants  of  rocks  resembling  in  many  lithological  details  the  beds  of 
sedimentary  origin  found  in  the  Parker's  Range  and  Manuel  Loch, 
which  have  been  fully  described  in  a  previous  report,* 

It  has  been  found  impossible  to  map  these  isolated  patches  in 
*letail.  but  general  boundaries  have  been  fixed  to  embrace  that  por- 
titm  of  the  surface  where  such  outcrops  predominate.! 

South  of  Mount  Holland,  however,  a  belt  of  this  class  of  rock 
i"^  fairly  well  defined  and  continuous,  and  extends  to  the  west  of  Mid 
Ironcap. 

Another  well-defined  belt,  and  probably  a  continuation  of  the 
hrst.  extends  further  south  with  the  same  strike,  but  with  a  reversed 
dip  through  both  the  Mid  and  South  Ironcaps. 

On  the  three  **Ironcaps''  which  form  the  highest  points  of  the 
<li>tncty  portions  of  these  beds  are  well  exposed.  In  each  instance 
they  are  found  to  consist  of  well-banded  quartzites;  in  most  in- 
stances highly  ferruginous. 

The  iron  occurs  in  the  form  of  limonite  and  haematite.  In 
plaices  the  be<ls  are  decidedly  magnetic. 

Folding  in  the  strata  is  of  common  occurrence.  The  strike 
varies  from  north  to  north  by  west  or  east  with  a  dip  at  a  high 
ansrle  to  the  west  in  the  southern  belt,  but  slightly  to  the  east  at 
mirth  Ironcap,  and  also  near  Mt.  Holland. 

It  seems  probable  that  these  beds  form  the  soutliem  continua- 
tion of  the  series  found  in  the  mid  and  northern  portions  of  the 
Vilgam  Gc^dfield,  and  may  be  related  to  the  Stirling  Range  beds. 

As  regards  their  age,  there  is  no  doubt  in  the  writer's  mind 
that  they  are  older  than  the  greenstones  and  have  been  intruded  by 
the  latter.  Hence  they  are  probably  the  oldest  rocks  of  the  dis- 
trict. From  an  absence  of  fossil  remains  their  geological  age  is  not 
•ieterminable,  but  they  are  probably  Pre-Cambrian. 

From  an  economic  point  of  view  they  are,  so  far,  of  no  value, 
a-i  they  do  not  carry  minerals  of  commercial  value  and  have  not 
nroved  to  include  auriferous  quartz  veins,  or  carry  self-contained 
Olid   in  payable  quantities. 

GREENSTONES. 
These  are  readily  divisible  into  two  classes: — 

A.  A  massive  variety  of  the  Marvel  Loch  type. 

B.  Dolerites. 

A.  Massive  Greenstones. — Where  exposed,  in  the  areas  under 
i Immediate  review,  the  rocks  of  the  massive  variety  are  found  in  the 
:»]iated,  massive  fine-grained  and  massive  coarse-grained  forms,  the 
"M  usually  occurring  as  a  selvedge  to  the  two  latter. 

There  is  such  a  close  similiarity  of  these  types  to  those  of  the 
Huljfinch-Southern   Cross-Marvel  Loch   that  a   detailed   description 

*  BiJlrCln  63,  page  29.  ei  uq. 

♦  Pbte  V. 
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is  unnecessary  here,  as  the  reader  can  refer  to  the  previous  pa|^es 
of  the  present  bulletin,  and  also  Bulletin  63  for  further  details. 

B.  Dolerites. — Numerous  intrusive  dykes  of  an  apparently 
fresh  rock  are  met  with  in  the  working  of  the  Forrestania  field. 
Further  reference  will  be  made  to  these  dykes  in  the  descriptions  of 
the  mine  workings.  Petrological  examinations  of  samples  broken 
from  the  rock  in  the  underground  workings  are  to  be  found  in  the 
Appendices. 

GRANITES. 

In  mapping  the  granite,  as  a  general  rule,  any  area  covere:! 
with  sand  or  siliceous  laterite  was  included  under  this  class  of  rock. 
The  granite  rock  itself  comparatively,  seldom  comes  to  the  surface, 
and,  when  it  does,  usually  occurs  in  irregular  masses  outcroppiiiir 
on  the  crests  of  the  higher  ground,  forming  in  many  instances  a 
conspicuous  landmark.  Specimens  taken  from  some  of  these 
masses  have  been  described  by  the  Petrologist,  and  in  each  case 
have  proved  to  be  microcline  biotite  granite,  closely  resembling 
the  granite  of  the  Southern   Cross  type.      (See  appendices.) 

In  the  Forrestania  area  the  main  rock  mass  is  a  granite  highly 
decomposed  near  the  surface.  The  rock,  even  in  this  weathered 
condition,  has  a  distinctly  gneissic  appearance,  the  planes  of  folia- 
tion apparently  running  east  and  west  with  a  general  dip  to  the 
north. 

Descriptions  of  the  Mining  Centres  in  the  Southern  Area. 

XV.— FORRESTANIA. 

The  following  report  was  made  on  27th  Julj*,  1915: — 
Location. — The  new  field  is  situated  in  the  extreme  south    of 
the  Yilgam  Goldfield  at  a  distance  of  eight  miles  north  60  de«ri'ees 
east  from  the  Mid  Ironcap,  and  13  miles  due  east  of  the  n5-mile 
post  on  the  Rabbit  Proof  Fence. 

BOADS. 

There  are  two  main  tracks  leading  to  the  field  from 
the  Eastern  Railway.  Of  these,  the  better  is  the  one  passing 
through  Parker's  Range,  Cheriton%  and  Mount  Holland.  Thi< 
track  is  in  fair  order  as  far  as  Cheriton's,  and  though  cleared  of 
timber  is  very  rough  for  general  traffic  for  the  remainder  of  the 
distance.  The  other  route  turns  off  the  Rabbit  Proof  Fence  from 
either  the  79  or  S8  mile  post.  The  one  followed  was  the  former, 
and  it  is  extremely  heavy  as  far  as  Wattle  rock,  where  the  other 
from  the  88  mile  joins.  From  here  the  route  passes  by  the  north 
Ironcap  and  connects  with  the  Ravensthorpe  track  about  five  miles 
to  the  north  of  the  (rovernment  Tank.  The  road  down  the  fence  is 
very  heavy,  the  sand  having  filled  in  the  wheel  ruts  during  the 
recent  wet  season. 
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From  Southern  Cross  by  tlie  first  route  the  total  distance  is 

**  miles,  and  by  the  Rabbit  Proof  Fence  124  miles  to  the  Central 

i?«{.    A  somewhat  shorter  route  from  the  railway  line  would  be 

'  <:ii  Yelladiue,  a  railway  siding    20  miles  east  of  Southern  Cross. 


GEOLOGY  OP  THE  FIELD. 

Die  leases  are  situated  in  granitic  countiy,  apparently  a  por- 

!i  of  the  main  granite  belt.     Unfortunately,  the  underlying  rocks 

.V  almost   completely   covered   w^th   an  overburden   of  sand   and 

-  '^i.nnuus  gravel,  but  there  are  sufficient  outcrops  of  the  decom- 

-^1  PM-k  to  verify  the  above  statement.     Lying  to  the  north-west 

:  tiie  lease  is  rather  an  extensive  belt  of  greenstone  of  the  Mar\'el 

L*>b  n-j^e  and,  probably,  a  continuation  of  the  same  belt.    Another 

s'  JI  belt  of  similar  rock  outcrops  about  four  miles  south  of  the 

ir'ard  lease. 

LEASES. 

Tn fortunately,  very  little  development  work  has  been  done  on 
j-i)  or  the  leases  and,  to  date,  only  one  reef  can  be  positively  said 
'•'  exist. 

The  indications  from  quartz  floaters,  however,  would  point  to 
'"  «r  {Kus-ability  of  other  veins  being  exposed  at  an  early  date.  There 
.^  a  marked  parallelism  of  the  fine  lines  of  floaters,  the  general 
<''}ke  being  north  70  degrees  west. 

(^  account  of  the  parallelism  it  seems  more  ^han  likely  that 

•  *-  ;n«nite  will  be  found  to  be  gneissic   in  character,  the  quartz 
"IK  following  the  j}lancs  of  foliation. 

^hi  the  Reward  lease  two  cost  cans,  about  200  feet  apart,  reveal 

•  T^f  at  least  seven  feet  wide  in  one  place,  and  three  feet  in  the 
'"-'em  end. 

The  floaters  extend  over  a  distance  of  some  700  feet.     Care- 

•  l!y  broken  samples  of  the  reef  exposed  in  these  costeans  gave  a 
'•^tilt  in  each  case  of  slightly  under  3  dwts.  of  fine  gold  per  ton. 

Samples   from    the   floaters   on    the   Premier,    Commonwealth, 

'  tfissi,  and  Allen*s  Find  were  crushed  and  panned  off  in  the  field, 

irA  the  stone  was  found  to  be  gold-bearing,  but,  in  the  writer's 

•nion,  the  values  obtained  were  low,  and  scarcely  payable.       It 

**ms  probable  that  higher  values  than  justifiable  have  been  given 

•V  proepectoi^  on  account  of  the  low  value  of  the  gold  not  being 

■ii»ai  into  account.     This  should  be  guarded  against  in  the  future. 

Taken  as  a  whole,  the  reports  of  the  field  have  been  very  much 

•  "^affcerated,  and  against  such  the  people  should  be  warned.     On 

•  ••  other  hand,  gold  has  been  found  over  an  extensive  area  in  new 
•^nntry  and,  as  practically  no  development  has  been  done,  the  ex- 
T'^diture  of  a  limited  amount  of  capital  is  justifiable. 

15) 


130 


WATER  SUPPLY. 
Both  tracks  are  supplied  with  water  at  intervals  snlTiciently 
short  to  aceonmiodate  the  travelling^  public.  Appended  is  a  list 
of  the  supplies  and  distances.  The  main  supply  for  the  field  itself 
would  be  obtained  from  a  Government  tank,  20,000  gallons  capa- 
city, on  the  Ravensthorpe  road,  and  situated  about  six  or  seven 
miles,  as  the  crow  flies,  from  the  leases.  At  present  there  is  no 
direct  route,  and  the  distance  by  a  bush  track  is  at  least  10  miles. 
Owing  to  the  late  rains  surface  soak  water  is  being  obtained  in 
shallow  lioles  in  the  sand  close  to  the  leases.  This  supply  should  be 
exploited  further,  as  little  expense  would  be  entailed,  and,  if  suc- 
cessful, wouid  be  extremely  useful  to  augment  the.  permanent  sup- 
ply. With  economy,  there  would  be  sullicient  water  to  prove  whether 
the  field  warrants  further  permanent  w^ater  conservation.  A  justi- 
fiable expense  would  be  incurred  in  cutting  a  direct  track  from  the 
Government  tank  to  the  leases,  and  it  would  undoubtedly  be  much 
appreciated  if  the  track  from  Cheriton's  to  the  field  was  cleared  of 
mallee  roots  and  stumps. 

The   following  is   a   list   of   water  tanks,  etc.,  with   distances 
from  Southern  Cross  to  the  new  find: — 


Distance 
in  miles. 

Nature  of  Supply. 

Southern  Cross  to  Marvel  Loch 

22 

Scheme  water. 

Marvel  Loch  to  Parker's  Range 

14 

Parker's  Range  Government 
tank.  Dingo  tank,  50,000 
gals.,  full. 

Parker's  Range  to  Bulcie  Jean 

10 

Dulcie  Jean  tank,  50,000  gals., 
full. 

Dulcie  Jean  to  Split  Rock 

16 

Spht  Rock  well,  8,000  gals., 
not  permanent  in  summer. 

Split  Rock  to  Mount  Holland  . . 

m 

Mount  Holland  tank,  12,000 
gals.;  6,000  gals,  at  present. 

Mount  Holland  to  Government 

20 

Government      tank,      100,000 

tank,  five  miles  north  of  turn 

gals.,  full. 

off  W.  the  field 

On  the  Rabbit  Proof  Fence  there  is  sufficient  water  (surface) 
at  the  rocks  marked  on  accompanying  plan  for  travellers,  but  such 
is  not  permanent  during  the  summer  months. 


MINES. 

Since  tlie  above  report  was  written  a  limited  amount  of  mining 
development  has  been  done  to  a  vertical  depth  below  the  surface 
not  exceeding  60  feet.  A  detailed  account  of  the  individual  mineo 
will  be  found  in  the  following  pages  of  this  report  under  the  head- 
ing of  Mines. 
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Geologically   there    are   a  few   points  of  interest  brought  to 

!:lt  vhiefa  were  not  too  apparent  at  the  snrfaee.       In  the  first 

hre  the  eoantry  roek  has  proved  to  be  a  highly  kaolinised  rock, 

r.'is^h  which  are  distributed  quartz  veins  of  uniform  size  having 

-  appearance  of  primary  quartz.     Fine  grains  of  mica  are  also 

'<nmon  throughout,   though  apparently  this  is  only  the  residual 

~:  a  much  greater  amount.     There  seems  no  doubt  as  to  the  rock 

vLn^  a  highly  kaolinised  biotite  granite.     Lines  of  foliation  in  the 

:>^k  ma£s,  which  are  not  always  too  apparent,  tend  to  point  to  a 

-'•re  or  less  original  gneissic  structure.     In  several  of  the  mines 

'jirrow  basic  dykes   were  encountered.        So  far  these  have  beea 

rM>e«i  to  have  no  great  thickness  and,  as  a  general  rule,  conform 

'An  the  prevailing  strike  of  the  reefs  and  lines  of  foliation  in  the 

finite,  !>.,  a  general  east  and  west  trend  with  a  prevailing  dip  to 

>  north.     The  occurrence  of  these  dykes  and  their  relationship 

'••  :be  granite  and  quartz  reefs  is  clearly  set  out  in  Figs.  23,  24, 

-5,  and  26. 

The  following  are  two  petrological  descriptions  of  samples  col- 
-'ie<\  from  the  basic  dykes  found  in  the  Reward  and  Common- 
"ahh  leases: — 

Rettard  Lease,  G.M.L.  2909. 
The  rock  is  a  fine-grained  amphibolite  derived  from  a  dolerite  or 
""rie-erained  gabbro,  and  is  similar  to  specimens  from  the  Canning  River 
•^•re<,  and  cop  sequent  ly  to  some  of  the  Darling  Bange  greenstones.  It 
i  not,  however,  the  same  rock  as  the  Corinthian  dyke,  which  la  a  fresh 
i  ;rite  dolerite,  and  probably  later  in  age.* 

("OMMONWEALTH    MiNE,   G.M.L.   2916. 

The  rock  is  a  fine-grained,  partially  chloritised  amphibolite  with 
'i'^  hornblende  in  great  excess  over  the  colourless  constituents.  These 
'  ^5i«t  of  felspar  and  a  little  quartz.  Shearing  was  not  noticed  in  the 
-»-  tioa?  nor  any  gneissic  structure.  It  is  doubtless  derived  from  a  fine- 
.r^iaed  dolerite  similar  to  sample  from  the  Beward  lease.* 

With  regard  to  the  quartz  reefs,  as  can  be  observed  from  the 

-^ription  of  the  individual  mines,  they  have  so  far  proved,  under 

'^>ting  conditions,  to  be  unpayable  as  gold  producers;    also,  as  a 

--tberal  rule  where  opened  out,  they  have  proved  to  be  smaller  and 

:  I'^^er  grade  at  depth  than  at  or  near  the  surface. 

Furthermore,  that  where  payable  values  have  been  formed  at  a 
r  ih  the  gold  occurred  near  faults  which  points  to  the  higher  values 
^inff  probably  due  to  secondary  enrichment. 

Development  work  has  also  shown  in  several  instances  that  the 
juiz  bodies  are  apparently  much  larger  at  the  surface  than  in  the 
i  eoantry    below.     This   is   particularly  noticeable   in    Smith's, 
riLL  2970*  and  the  Great  Southern  No.  1,  G.M.L.  2911. 

Careful  observation  shows  this  is  apparently  due  to  the  dis- 
■f^zrztion  of  the  original  reef  outcrop  and  the  accumulation  and 
•rrinz  of  the  debris.  "Surface  creep"  probably  played  an  active 
jTt  also  in  this  concentration  of  the  quartz  in  the  surface  rock. 

-         ^ -  '  ■  ■  ■     ■     M  _     _ ■  ■  ■     -  _ ■ — ^ ■-^^■T^'^ 

'  1.  JL  Parquhazsoii,  Petrologist. 
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Reward  Mine,  G.M.L.  2909. 

Two  shafts  (Fig.  23)  situated  approximately  in  the  centre  of 
the  lease  and  400  feet  apart,  have  been  sunk  to  vertical  depths  of 
60  feet. 

The  western  shaft  was  sunk  on  the  reef  which  has  an  average 
thickness  of  about  two  feet.    A  drive  east  for  40  feet  on  the  reef 

Fig.  23. 
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(Geological  plan  of  workings,  Reward  Mine,  Forrestania. 


proved  the  reef  to  be  continuous  for  this  distance  with  approxi- 
mately the  same  thickness,  but  reported  low-grade  values. 

The  western  shaft  intersected  the  reef  at  a  depth  of  33  feet  and 
passed  tlirough  same  at  the  bottom  of  the  shaft.  A  drive  has  been 
made  on  the  footwall  of  the  reef  40  feet  west.  From  this  drive,  bore- 
lioles  pierced  the  reef  at  re^^ular  intervals,  and  the  manager  informed 
me  that  the  averajre  thickness  of  tlie  reef  varied  from  six  inches  to 
four  feet,  with  low  gold  values.  At  the  bottom  of  the  shaft  the  reef 
is  probably  six  feet  thick  at  least.  Twenty  feet  down  the  shaft  the 
reef  has  been  intersected  on  the  south  side  of  the  shaft.     At    this 
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r-iint  the  reef  is  faulted -,  the  fault  plane  dips  to  llie  south-west. 
Above  this  fault  gold  values  are  higher.  Insufficient  work  had  been 
;':De  fo  take  exact  measuremeDt  of  the  precise  amount  of  faulting, 
>-t  it  is  evident  the  reef  has  been  moved  only  an  inconsiderable 
ii^taoce. 

On  the  surface  immediately  east  of  the  east  shaft  the  outcrop 
La^  been  costeaned  aD<l  some  of  the  stone  contains  coarse,  visible 
_"'.M.  the  extent  of  which  is  uncertain;  probably  it  will  be  found 
-•■  hare  some  connection  with  the  fault  which  could  easily  come  up 
-Wut  this  point,  and,  if  so,  the  increased  gold  value  may  be  second- 
siy  enrichment  on])'.  The  oiitcro])  north  and  south  of  tliis  point 
«nainiy  iloea  not  contain  high  or  even  payable  values. 

The  strike  of  the  reef  on  the  surface  is  north  70deg.  west  with 
10  ondeHie  at   a  steep  angle  to  the  north. 

Fig.  34. 


SECTION  OF  CROSSCUT 

LADY     LYONS       G.M.L.2970. 
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Oooloslcal  plaa  of  I>adr  Lyons  Oold  BUue,  Forrestania. 

Udt  Lyons  Mine,  O.M.L.  2970. 
This  mine  was  formerly  known  oa  Smith's  show. 
On  the  surface  there  is  no  doubt  that  floaters  could  be  picked 
ap  which  would  yield  appreciable  amounts  of  gold  when   concen- 
trated by  crushing  and  by  panning  o£E  with  water. 
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However,  a  shaft  was  sunk  (Fig.  24)  and  a  crosscut  driven 
south  for  a  distance  of  30  feet,  with  the  result  as  shown  on  section. 

The  occurrence  of  the  dolerite  dykes  in  this  crosscut  are  inter- 
esting, and  clearly  show  that  their  strike  corresponds  to  the  pre- 
vailing strike  of  the  quartz  reefs,  or,  in  other  words,  that  there  is 
a  prevailing  parallelism  of  the  two.  Comparing  the  two  rocks,  the 
dolerite  and  granite,  there  is  a  marked  difference  in  their  relative 
decomposition.  For  the  most  part  the  dolerite  may  be  considered 
only  partially  weathered,  the  weathering  becoming  perceptibly  less 
as  greater  depths  are  attained.  On  the  other  hand,  the  granite  is 
highly  decomposed  and  still  friable  to  the  touch  of  even  the  hand, 
and  shows  no  sign  of  becoming  harder  and  massive.  There  is  no 
doubt  in  the  writer's  mind  that  the  dolerites  are  intrusive  and  of  a 
much  later  age  than  the  granite,  also  that  the  quartz  reefs  are  asso- 
ciated with  the  occurrence  of  the  greenstone  intrusives  and  are  of 
later  age  than  the  prevailing  quartz  reefs  of  other  portions  of  the 
Yilgam  Goldfield.  Furthermore,  in  this  and  other  mines  the  (juartz 
veins  are  seen  to  occur  in  the  granite  and  near  the  junction  of  the 
dyke  and  running  paralM  with  the  latter  rock. 

In  no  instance  was  there  any  indication  of  the  dolerite  dykes 
attaining  any  great  thickness,  the  two  in  this  mine  being  approxi- 
mately nine  feet  each. 

Great  Southern  No.  1  Mine,  G.M.L.  2911. 
One  shaft  (Fig.  25)  has  been  sunk  on  this  lease  to  a  vertical 
depth  of  50  feet,  from  the  bottom  of  which  a  crosscut  has  been 
driven  in  for  a  distance  of  eight  feet  south.  In  the  end  of  the  cross- 
cut the  reef  was  intersected,  also  a  dolerite  dyke.  The  reef  is  at  the 
junction  of  the  dyke  and  the  country  rock  pierced  by  the  shaft, 
which  is  highly  decomposed  granite.  Drives  were  made  four  feet 
east  and  six  feet  west  on  the  course  of  this  reef.  The  thickness  of 
the  reef  intersected  is  but  a  few  inches  and  is  unpayable.  On  the 
surface  the  reef  had  every  appearance  of  considerable  size  and 
gave  promising  gold  prospects. 

Commonwealth  Mine,  G.M.L.  2916. 

As  may  be  observed  on  the  accompanying  plan  and  section 
(Fig.  26),  development  work  on  this  lease  has  been  carried  on  from 
two  shafts  at  vertical  depths  of  60  feet. 

Taking  the  western  shaft  first,  crosscuts  were  made  from  the 
bottom  of  the  shaft  15  feet  north  and  south.  In  the  northern  cross- 
cut a  greenstone  dyke  was  pierced  but  no  lode  found.  In  the 
southern  crosscut  a  small  vein  of  quartz  was  found  at  the  end  of 
the  crosscut,  and  on  the  junction  between  the  greenstone  dyke  and 
granite.  The  reef  was  too  small  and  too  low  in  gold  contents  to  be 
of  any  commercial  value. 
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In  the  eastern  shaft  the  country  pieroed  was  granite,  and  a 
eroi^B«iit  south  40  feet  in  length  re^'ealed  the  same  rock  for  the 
uhole  distance.  If  the  line  of  "floaters"  on  the  surface  were  indi- 
«atiuns  of  a  permanent  Teef  it  should  have  been,  under  Qormal  con- 
dttioDs,  ioterseeted  in  these  workings. 

Fig.  25. 


GREAT  SOUTHERN   N?!  LEASE  2911 

rOB'RESTANIA^^YILOARN^^Q.  f 

SECTION 


Granitt.,. 
Dolerite. 


a«oloslcal  plan  of  Orwt  Sontbem  Oold  Uins,  Forrestanla. 


PREMIEB  Mine,  G.M.L.  2913. 
Only  a  limited  amount  of  prospecting  has  been  done  on  this 
Wse.  Excejit  for  a  few  very  shallow  eosteans,  the  development  con- 
sias  of  one  Klial't  at  present  elei-en  feet  deep,  where  it  is  boarded 
over.  The  total  depth  is  a  few  feet  greater  than  this.  Tliis  shaft 
has  been  sunk  on  the  reef,  which  is  much  brt^en  up  near  the  sar- 
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face.  At  the  depth  of  eleven  feet  it  was  covered  over  and  a  small 
drive  made  on  the  west  aide.  Tliere  is  apparently  a  fissure  in  the 
reef  at  tliis  point,  wiiich  pitches  to  tlie  west  at  a  fairly  low  ang'le. 
Out  of  this  small  drive,  which  runs  norlh  OOdeg.  west,  a  crushing  of 
five  tons  was  taken  which  gave  a  reported  result  of  13dwts,  of  gold 
per  ton,  the  exact  value  of  which  was  not  stated.  In  the  face  of  the 
drive  above-mentioned  the  qunriz  had  a  thickness  of  at  least  three 
feet. 

Fig.  29. 


The  country  rock  on  the  south  side  is  granite,  but  that  on  the 
north  side  is  doubtful,  the  rock  here  being  too  decomposed  for  a 
deSnite  determination. 


ni..iCK  Pbince  Mine,  O.M.L.  2!Ki1. 
Only  one  shaft  iias  been  sunk,  on  a  reef  some  I  wo  feet  wide,  to 
a  vertical  depth  of  11  feet.  At  the  bottom  of  this  shaft  the  reef 
was  20  inches  tlii<'k.  A  sample  of  the  reef  broken  from  the  sides  of 
the  shaft  I'eturned  lOdwls.  to  the  ton  by  fire  assay,  over  a  width  of 
20  inches.  The  strike  of  the  reef  is  north  70deg.  west  with  an 
underlie  of  S5deg.  norili. 
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Since  the  date  of  my  inspection  the  owner  told  me  that  they 
hnd  continued  tbe  sfaa.£t  and  the  reef  had  become  smaller  and  the 
values   lower. 

Near  the  surface  the  owners  proved  that  payable  gold  occurs  in 
:*ae  seamy  portions  of  tbe  reef.  These  seams  consist  of  almost  pure 
elay  with  a  little  iron  intermixed.  The  gold  in  the  seams  is  inclined 
:«•  be  of  a  coarse  nature  and  readily  separates  from  the  gangue. 
Htnce.  in  taking:  samples  from  the  bottom  of  the  shaft  there  is  a 
likelihood  of  the  sample  being  enriched  from  the  gold  loosened  from 
tlie  elay  by  repeated    firing. 
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I.— INTRODUCTION. 

The  field  work  in  this  region  was  eornmenced  towards  the  end 
of  July,  1914,  and  continued  until  the  end  of  January,  1915.  The 
area  mapped  and  described  below  covers  about  4,500  square  miles; 
includes  the  country  between  the  Mt.  Jackson- Soul  hern  Cross  road 
and  the  Rabbit-Proof  Fence  from  the  35-mUe  to  the  126-mile  post 
on  the  latter;  and  between  Mt.  Jackson  and  the  eastern  boundary 
of  the  Yilgarn  Goldfield,  including  Pigeon  Rock,  the  Die  Harty  and 
Bungalbin  Ranges. 

The  mining  centres  of  Jaclison,  Marda,  Koolyanobbing,  and 
Y'arbu  have  been  examined  in  greater  detail  than  the  intenxning 
tracts  of  country. 

I  am  indebted  to  Mr.  Simpson  for  the  determination  of  a  num 
her  of  minerals  and  Mr.  Farquharson  for  the  petrological  examina 
tion  of  rock  specimens,  also  to  the  mine  managers  and  prospectors, 
of  the  district  for  facilitating  in  every  possible  way  the  examination 
of  their  mines  and  claims. 

Mr.  Woodward  has  previously  reported  on  this  area  on  a  re- 
connaissance trip  through  the  Nortli  Yilgam  and  southern  portion 
of  the  North  Coolgardie  Goldfield,  which  he  describes  in  Bulletin 
46.  The  broad  outlines  of  Mr.  Woodward's  mapping  of  the  district 
was  of  great  assistance  as  a  basis  for  the  more  detailed  work  des- 
cribed in  this  report. 

Except  for  the  mining  districts  of  Jackson  and  Marda  the  map- 
ping has  been  done  on  a  scale  of  300  chains  to  the  inch  and  repro- 
duced on  a  scale  of  four  miles  to  the  inch.     (Plate  1.) 

Greater  detail  is  shown  on  the  maps  of  the  Jackson  and  Marda 
mining  centres  for  which  a  scale  of  20  chains  to  the  inch  has  been 
used  in  the  field.  They  are  reproduced  herewith  (Plates  17  and  18) 
on  that  scale. 

A  number  of  plans  and  cross-sections  of  the  various  mines  ac- 
company this  report. 

The  usual  diftieulties  which  attend  field  mapping  in  the  Eastern 
Goldfields,  viz.,  relative  scarcity  of  outcrops  and  the  large  extent  of 
overburden  represented  by  sand  plains  and  salt  lake  country,  were 
encountered  in  this  district. 

The  geology  of  the  district  is  of  more  than  ordinary  scientific 
interest  on  account  of  the  occurrence  of  a  group  of  sedimentary 
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r.<k*  of  younger  age  than  the  greenstone  series,  and  resting  nn- 
-•nfonnably  on  the  latter.  Owing  to  the  strong  lithological  resem- 
•'anee  of  these  youngrer  rocks  to  the  Kurrawang  Series  in  the  Kal- 
-'•-•rlie  district,  it  follows  that  an  unconformity  exists  also  in  the 
arer  district  where,  owing  to  the  parallelism  of  the  strike  of  all  the 
r"*-ks.  no  unconformity  is  actually  visible. 

II.— PHY^CAL  FEATURES. 
TOPOGBAPHY. 
The  topography  of  the  region  is  typical  of  the  Eastern  Gold- 
>Vis  of  "Western  Australia,  and  is  that  of  a  tract  of  country  whose 
Mriaee  has  been  sculptured  by  a  process  of  desert  erosion.     (See 
Kate  17.) 

This  area  belongs  to  the  topographical  division  described  by 
Mr.  Jntson  in  bis  work  on  the  Physiography  of  Western  Aus- 
Ttlia,  Bulletin  61,  as  the  Central  or  Salt  Lake  Division  which, 
j:n-.%rding  to  that  author,  is  an  elevated  plateau  of  arid  erosion. 

The  land  forms  in  this  region,  as  is  generally  the  case  in  the 
Ea-iem  Goldfields  area,  are  not  very  diverse. 

By  far  the  most  prominent  land  marks  are  the  greenstone 
rarires  at  Mt.  Jackson,  around  Pigeon  Rock,  Bungalbin,  and  at 
K.-.lyanobbing.  These  constitute  the  "higher  land."  Below  this 
:  -•-re  is  a  vast  tract  of  country  which  may  generally  be  described  as 
'^ndy  plain,"  and  in  the  depressions  of  which  occur  strings  of 
Ur^e  salt  lakes. 

The  *^sandy  plains''  occupy  by  far  the  greatest  area  of  the 
^l^ole  country. 

Mr.  Jutson  has  subdivided  the  Central  or  Salt  Lake  Division 
into  a  **new''  and  **old'''  plateau,  which  are  chiefly  divided  from  one 
another  by  breakaways  of  which  the  long  line  running  east  and 
-*-^t  about  15  miles  south  of  the  Mt.  Jackson  ranges  is  an  instance. 
In  the  Mt.  Jackson  district  the  higher  land  attains  an  elevation 
't  many  hundreds  of  feet  above  the  old  plateau  and  probably  re- 
pre^ent*  the  remnants  of  a  still  older  land  surface. 

Whilst  the  higher  land  appears  to  be  representative  of  an 
'•arher  cycle  of  erosion  on  the  "old  plateau,"  the  salt  lakes  represent 
^n  the  other  hand,  a  later  cycle  of  erosion  on  the  new  plateau,  or 
a  wide  valley  of  mature  erosion  on  the  new  plateau.     (Fig.  27.) 

There  are  several  levels  of  breakaways  though  not  as  weU  de- 
:^ned  as  the  main  line  that  separates  the  old  and  new  plateaux.  For 
ia^tance,  there  are  cases  of  breakaways  on  the  higher  portions  of 
the  granite  country.  These  are  very  disconnected  and  local  and 
"t'ten  below  the  level  of  large  granite  bosses.  These  higher  level 
tireakaways  are  probably  the  remnants  af  an  older  system  of  break- 
aways. This  is  ver>'  clearly  shown  by  the  mapping  between  Kal- 
?»)oriie  and  Coolgardie*  where  the  new  line  of  breakaways  borders 

*  Boll.  No.  66.— The  Geology  of  coantry  between  Coolgardle  and  Kalgoorlle,  by  G.  S. 

HoiunML 
CJ.WX  Ball  66. 
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the  lake,  and  remnants  of  the  old  line  occur  some  miles  behind   the 
former. 
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The  highest  country  is  that  around  Pigeon  Rock  from  wliich 
there  is  a  decided  fall  to  the  south-west  to  the  lakes  at  Yaeke 
Yackine.     This  high  country  falls  again  to  the  north  towards  Lake 
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B«riee  and  apparently  forms  a  dividing  range  between  the  Barlee 
^d  Southern  Cross  Lake  system. 

The  ranges  have  a  sinuous  course  corresponding  with  the 
trend  of  the  ferruginous  quartzites  (Jaspei's)  in  the  greenstone 
>rries,  and  in  fact  owe  their  existence  to  the  resistance  to  weather- 
iLg  offered  by  the  quartzites. 

Wlien  one  considers  that  all  the  prominent  peaks  and  ranges 
are  composed  of  combs  of  ferruginous  quartzites  (Jaspers),  it  be- 
«^'m€s  evident  what  a  very  marked  effect  these  banded  quartzites 
lave  had  on  the  natural  relief  of  the  region. 

The  ranges  consist  of  razor-backed  ridges  which  practically 
«rii\  elope  tlie  inlier  of  granite  at  Pigeon  Rocks  and  are  there  known 
a>  the  Die  Harty  Ranges.  The  northern  portion  of  these  ranges 
strikes  north^  and  to  the  south  divides  into  two  arms,  one  trending 
*  •  the  south-east  and  culminating  in  a  prominent  peak  called  Mt. 
King;  the  other  arm  to  the  west  crosses  the  greenstone  belt  south 
•:  Pi?eon  Rock  and  turns  again  to  the  south  and  follows  the  west- 
■  m  b<»undary  of  the  greenstone  through  Jackson. 

At  Jackson  a  number  of  parallel  bands  of  ferruginous  quartz- 

:te  occur  forming  parallel  ridges  which  turn  again  to   the  east- 

^mth-east,  and  pa.ssing  south  of  Marda  as  one  ridge,  where  its 

izliest  point  is  Mount  Jackson  Trigonometrical  Station  (2,200  feet 

A'  aneroid). 

From  Mt.  Jackson  Trigonometrical  Station  the  range  continues 
for  over  20  miles  to  Bungalbin  Trigonometrical  Station,  where  it 
tonns  a  group  of  steep  ridges  turning  abruptly  to  the  north-east. 

The  slopes  of  these  ranges  are  steep,  and  rise  from  a  gently 
ndulating  plateau  of  greenstone,  which  at  no  considerable  distance 
r'rim  the  ridges  passes  into  sand  plain  which  stretches  as  far  as 
*..«f  eye  can  see,  and  whose  monotony  is  only  emphasised  by  the 
-trings  of  salt  lakes  in  the  lower  parts  of  the  sand  plains.  When 
if'fifoached  from  the  south  the  Bungalbin  Ranges  have  a  very 
.:i:\>*j^mg  and  rugged  appearance. 

The  ranges  around  Pigeon  Rock  and  the  Mt.  Jackson- 
Bungalbui  rau^e  constitute  in  every  sense  of  the  term  a  "Divide^' 
^jarating  the  Barlee  lakes  from  the  lakes  of  the  Yilgam.  It  may 
'pi  termed  the  "Jackson  Dividing  Plateau." 

Another  range  of  mountains  also  corresponding  with  the  fer- 
radnoos  quartzites  (jaspers)  in  a  greenstone  belt  occurs  striking 
::  nh-west  through  Koolyanobbing  Trigonometrical  Station,  which 
:^,  if  not  the  highest,  the  most  rugged  peak  in  the  range.  The 
K>K>lyanobbing  Ranges,  as  has  been  pointed  out  by  Mr.  Wood- 
^vd*  occur  in  an  area  of  depression,  and  are  partially  surrounded 
'J  salt  lakes. 

A  characteristic  and  frequently  occurring  feature  of  the  granite 
table-lands   which    occupy   the  north-west   portion  of   the   Yilgam 

*  BtfkUa  M,  G^.W.A.,  p.  20. 
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are  the  largo  bosses  of  bare  granite,  which  have  a  very  imposing^ 
appearance,  and  in  some  cases  represent  monadnocks  of  an  earlier 
cycle  of  errosion  on  the  old  plateau.  Examples  of  such  bosses  are 
Pigeon  Rock,  Elachbutting,  Kurrakoppin,  Walyahmoning,  Bar- 
eooting,  and  many  others,  especially  along  the  Rabbit  Proof  Fence. 

The  salt  lakes  form  a  connected  drainage  system  with  an 
irregular  trend,  and  agree  in  this  connection  with  Professor 
Gregory^s  idea  of  their  being  a  dead  river  system.  The  direction 
of  fall  of  the  lakes  is  not  certain  without  levels  being  taken;  the 
main  course  being  probably  Lake  Seabrook,  which  meanders  about 
the  Koolyanobbing  ranges  and  connects  with  Lake  Deborah,  which 
has  forced  its  way  through  the  greenstone  ranges  just  above  Mt. 
Woodward,  and  is  connected  with  Lake  Brown. 

Yacke  Yackine  Lake  has  a  southerly  trend,  and  has  its  source 
near  Windarling  Peak,  at  the  foot  of  the  Die  Harty  Ranges.  It 
breaks  through  the  Mt.  Jackson  ridges  near  Athlone  and  turns  to 
the  south  past  Yacke  Yackine,  where  it  spreads  itself  to  the  east 
and,  finally  taking  a  southerly  course,  joins  the  main  line  of  lakes 
at  Lake  Deborah. 

A  line  of  lake  connects  the  Koolyanobbing  lakes  (Lake  Sea- 
brook)  to  Lake  Koorkordine  at  Southern  Cross,  and  the  latter  falls 
slightly  to  the  north-east,  as  proved  by  a  topographical  survey  of 
Southern  Cross. 

The  lowest  level  of  the  lakes  is  a  little  over  1,000  feet,  and  the 
highest  peaks  around  Pigeon  Rock,  according  to  aneroid  measure- 
ments, are  not  higher  than  2,500  feet  above  sea-level.  The  majority 
of  the  country  is  a  great  undulating  plain,  varying  in  elevation 
between  1,000  feet  and  1,500  feet  above  sea-level. 

VEGETATION". 

The  vegetation  of  this  country  may  be  divided  into  two  classes, 
according  as  it  occurs  on  the  north  or  south  side  of  the  Jackson 
Dividing  Plateau.     Thus  we  have  two  different  types  of  vegetation. 

(1)  The  Yilgam  or  Coolgardie  Type.     South  of  Jackson. 

(2)  The  Barlee  Type.     North  of  Jackson. 

The  Yilgam  or  Coolgardie  Type. — South  of  the  Jackson 
Dividing  Plateau  the  vegetation  may  be  roughly  subdivided  into 
three  groups,  aMording  as  it  grows  on: — 

(1)  Greenstone  country. 

(2)  Granite  country. 

(3)  Lake  country. 

On  the  greenstone  country  we  find  different  varieties  of  gum 
trees,  viz.,  morrell  gum,  salmon  gum,  gimlet-wood,  with  an  under- 
growth of  salt  busli  and  stunted  shrubs. 

On  the  granite  country  there  occurs  mostly  dense  thickets  of 
the  jam-wood  type,  with  patches  of  white  gums  and  mallee  on  the 
higher  portions. 
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On  the  lake  country  there  is  a  comparative  absence  of  the  ex- 
tensive salt-bush  ilats  that  characterise  the  Barlee  country,  and 
they  become  more  scarce  the  farther  south  you  go. 

The  timber  country  is  much  closer  to  the  lake  shore.  Samphire 
:s  commonly  found  along  the  lake  margins. 

South  of  the  divide  large  forests  of  good  timber  occur,  whereas 
nfirth  the  only  timber  is  mulga  and  mallee. 

The  Barlee  Type. — North  of  the  Jackson  Dividing  Plateau  the 
•hretation  may  also  be  roughly  subdivided  into  the  same  three 
jroiips,  but  each  having  ditferent  characteristics  to  the  correspond- 
•E::  grroups  north  of  the  Plateau. 

On  the  greenstone  country  we  find  mulga  and  an  absence  of 
:*um  trees  of  any  description. 

On  the  granite  coimtry,  spinifex  and  mallee  scrub.  A  species 
•f  desert  pine  is  found  growing  on  both  greenstone  and  granite 
'•ountry,  but  is  most  abundant  on  the  sandhills  at  the  edges  of  the 
lake  eountrv. 

On  the  lake  country  there  is  generally  a  fringe  of  samphire 
•J^h  in  immediate  proximity  to  the  dry  salt  lakes.  This  is  followed 
')}•  wide  flats  of  salt  bush,  with  occasional  patches  of  quandong  or 
native  peach  and  sandalwood  extending  sometimes  for  a  couple  of 
siilps  inland  from  the  lake  shore.  Outside  the  salt  bush  you  find 
sandhills  covered  with  desert  pines  and  then,  as  the  lake  country  is 
left  behind,  spinifex  and  mallee  or  mulga,  according  as  the  under- 
"yingr  rock  is  granite  or  greenstone. 

Sandalwood  is  fairly  evenly  distributed  on  both  types  of  coun- 
tn-,  though  it  is  more  noticeable  around  the  dry  lakes  north  of  the 
•ivide. 

WATER  SUPPLY  AND  TRACKS. 

The  average  annual  rainfall  of  this  region  is  below  ten  inches^ 
^'^  the  scarcity  of  water  is  one  of  the  great  drawbacks  that  the 
:»r.«peetor  and  pastoralist  have  to  contend  with. 

There  is  no  permanent  natural  water  supply  in  the  district. 
'  '•«"  pioneer  had  to  depend  on  the  catchments  in  rock  holes  of  small 
•^faeity  and  hastily  dug  soaks. 

These  difficulties  have  been  overcome  as  far  as  Jackson  and 
Marda  are  concerned  by  the  splendid  work  of  the  Water  Supply 

I'^partment  by  the  building  of  large  tanks  in  suitable  catchment 

tteas. 

These  artificial  supplies  are  large  earthen  tanks  dug  in  suit- 
*^^f  position  to  catch  the  drainage  from  a  group  of  hills,  or  are 
^'If'wn  out  of  solid  rock  at  the  foot  of  large  bosses  of  granite  which 
■^r^e  as  splendid  natural  catchments,  supplying  very  clear  water. 

At  Marda  there  is  a  tank  roofed  with  galvanised  iron  and 
^Mng  a  capacity  of  500,000  gallons  of  water.  The  tank  is  exca- 
^*W  in  decomposed  greenstone  and  lined  with  asphalt.  The 
'^hment  area  is  protected  by  three  miles  of  fencing. 


Along  the  Bull  finch- Jackson  Road  there  are  tanks  at  Golden 
Valley  (30  miles  from  Southern  Cross).  40.000  gallons;  the  40-mile 
post  small  tank,  blown  out  of  granite;    Ennuin,  200,000  gallons; 


T^o^l^'h  Well  (4SM.),  amiill  tank  in  pTanile;  Currajong  (6IV2M.), 
200,(M10  gallons;  Yacke  Yaekine  (TSYzM.),  123,000  gallons;  and 
at  Jackson  (Sr>M.),  250,000  »>allons.  All  these  tanks  are  lined, 
roofefl,  iiroiidcd  with  i>iimp  and  trough,  and  the  catchments  pro- 
tected by  feneing. 

The  new  track  to  .laekwin  is  shorter  than  the  sun-eyed  road, 
but  this  is  discounted  by  the  much  heavier  and  more  sandy  nature 
of  the  (mck  and  the  scarcity  of  water,  the  only  dependable  supply 
being;  nt  the  Native  Well  about  2S  miles  south  of  Jackson,  which 
is  a  roofed,  p,\cavate<t  tank  in  granite  of  3,500  gallons  capacity. 
Glasse's  ■\\'cll.  which  is  about  live  miles  t<)  the  north-west,  ia  a 
shallow  stone-lined  well  at  the  foot  of  a  flat  granite  rock. 
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The  sui^'eyed  road  is,  however,  an  excellent  track,  except  a 
iandy  stretch  beyond  Golden  Valley,  and  one  beyond  Currajong. 

From  Jackson  there  are  two  tracks  to  Marda — one  to  the  Govr 
(^rniDetit  tank,  and  one  at  Allen's  Kind. 

From  both  Jackson  and  Marda  there  are  tracks  to  Pigeon 
Rork.  where  there  is  a  permanent  well. 

AH  the  tracks  and  water-holes  are  marked  on  the  accompanying 
map    (Plate  J"). 

From  Marda  an  old  track  goes  otit  to  the  north-east  to  Mulline 
tbroa§:h  Chalarie  Rocks  (small  gnamnia  hole)  and  Doolinfr  Soak. 
From  Pifreon  Rock  tliere  is  also  a  track  lo  Chalarie  Rocks,  through 
Olby  Rock    (three  covered  rock  holes). 


From  Enniiin  a  verj'  old  track  goes  through  the  Native  Well 
and  passes  to  the  north  of  Bungalhin  towards  Mulline. 

At  Kootyanobhing  there  is  a  covered  and  cemented  tank  of 
50,000  gallona  capacity  (Fig.  29). 
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Recent  . . 


. .  Superficial  . . 


in.— GENERAL  GEOLOGY. 

The  rocks  of  this  country  may  be  roughly  divided  into  three 
series,  viz.,  granite  and  greenstones,  and  sedimentary,  and  by  far 
the  greater  portion  of  the  area  is  represented  by  granite.  With  the 
exception  of  the  superficial  deposits  of  sand,  laterite,  and  alluvium, 
all  the  rocks  have  so  far  proved  destitute  of  fossil  remains,  and 
for  that  reason,  and  their  lithological  resemblance  to  certain  rocks 
in  other  parts  of  the  world,  they  are  at  present  classed  as  of  Pre- 
Cambrian  age.  They  belong  to  the  same  age  as  all  the  Eastern 
Gold'fields  rocks,  and  can  be  classified  on  the  same  lines. 

The  general  succession  is  as  follows:* 

TLaterite. 
.  .<  Alluvium. 

LDry  Lake  deposits. 
I  Conglomerates. 
Kurrawang  Series . .  <  Sandstone. 

^.Slates. 

TNewer  Granite. 
. .  J  Pegmatite. 
]  Porphyry. 
l^Amphibolite. 
. .     Ferruginous    quartzito 
(Jasper) 
''Rhyolite    Porphyry. 
J  Rhyolite         Porphyry 
I  Breccia. 

.Quartz  Porphyry. 
^Carbonated  Ultra, 

basic    rock. 
Amphibolite. 
^Basic   -^  Dolerite. 

Fine-grained     gabbro. 
Amygdaloidal       Dole- 
rite. 
^Ophite   and   Tuffs. 
Older  Granite  and 
gneiss. 


Pre- 

Cambrian 

(Proterozoio) 


Intrusive 


Sedimentary 


Greenstone 
Series 


Volcanic 


Acid 


A.rch8eozoic 


Generally,  the  rocks  of  the  area  are  composed  of  an  ancient 
granite  complex,  containing  remnants  of  a  volcanic  series  which 
probably  originally  covered  the  whole  area.  Tremendous  orogenic 
movements  resulted  in  severe  folding  and  consequent  tilting. 

By  denudation  the  geo-anticlinal  portions  of  the  volcanic  rocks 
were  Avorn  away  and  the  synclinal  portions  left  as  remnants  in  deep 
folds  of  the  granite  complex.  Tlie  pressures  geneiated  by  the  oro- 
genic  movement  have  resulted  in  the  formation  of  plutonic  granite 
ma:>s(^,  wjiich  have  imposed  thermal  metamorphic  effects  upon  the 
dynamic  metaujorpliism  of  the  volcanic  series. 

The  volcanic  series  was  originally  composed  of  horizontal  sheets 
of  lavas  and  tuffs,  both  of  acid  and  basic  composition. 

The  tilted  beds  have  been  squeezed  and  metamorphosed  to  such 
an  extent  as  to  appear  from  a  superficial  examination  to  be  com- 
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;<jsed  of  a  solid  mass  of  amphibolite  and  dolerite.  Intercalated  in  the 
•■>leaiiie  series  are  beds  of  sediments,  laid  down  conformably  with 
iie  former,  probably  daring  a  period  of  volcanic  quiescence.  These 
"^iments  have  been,  of  course,  tilted  with  the  rest  of  the  rocks,  and 
are  now  represented  by  almost  vertically  banded  ferruginous 
Hiurtzites. 

In  the  Jackson  greenstone  belt  the  amphibolites  appear  to 
•■^(upy  the  margins  adjoining  the  granite,  and  have  probably  been 
ionned  from  volcanic  rocks  similar  to  the  dolerites  and  gabbros  of 
Marda,  by  contact  metamorphisnu 

IV.— DESCRIPTIVE    GEOLOGY. 

Treating  the  different  rocks  individually  in  their  historical 
or*ItrT,  the  first  to  be  described  should  be  the  ancient  basement  which 
L«  probably  now  represented  by  the  many  scattered  outcrops  of 
eiieiss  and  gneissic  granite.  The  plutonic  granite,  being  of  later 
(*ripR  and  formed  by  the  absorption  of  the  gneissic  basement,  wiU 
be  treated  later. 

GNEISS    AND    GRANITE    (ARCHEOZOIC). 

Tlie  gneiss  is  most  usually  found  close  to  the  boundaries  of  the 
n^Dstone  and  forms  a  border  round  the  greenstone  belts,  separat- 
ing the  more  massive  granite  from  the  greenstone.  But  it  is  un- 
(i^Qbtedly  true  that  the  former  has  in  many  places  broken  through 
:U  barrier  of  gneiss  and  invaded  the  greenstone,  as  can  be  clearly 
5eeE  around  the  Koolyanobbing  Ranges,  where  a  number  of  gramte 
^JKes  occur  in  the  greenstone.  On  the  western  contact  of  the  Kooly- 
anobbing greenstone  belt  the  gneissic  border  can  be  distinctly  seen 
'i-teropping  about  1%  miles  south  of  Chadwick's  Reward  Claim. 
Here  the  gneiss  contains  the  oval  remains  of  felspars,  which  look 
ij^e  stretched  pebbles  in  a  conglomerate.  But  the  gneissic  bands 
^  be  seen  bending  round  the  felspar  giving  them  a  typical  eye 
''njctnre.  It  has  probably  been  formed  by  the  crushing  of  a  coarsely 
;  orphyritic  granite. 

Oq  the  east  of  the  range  there  is  also  a  fairly  wide  development 
t  gneiss,  some  miles  in  width.  To  the  south-west  of  Jackson  num- 
''^^  of  the  large  granite  bosses  have  a  banded  structure,  which  is 
[trallel  to  the  usual  north-north-west  strike  of  the  rocks  of  the 
i^simi  Goldfields. 

At  Elachbutting  Rock  alternating  bands  of  coarse  and  fine- 
-■^ined  granite  succeed  one  another.  The  coarse  bands  contain 
:  qrhyritic  crystals  of  felspar,  with  their  longer  axes  parallel  to  the 
*rike  of  the  bands.     They  have  a  rough  bedded  appearance. 

The  best  outcrop  of  distinctly  fundamental  gneissic  granite 
^■f'^n^  distinct  sharp  bands  of  different  texture  and  giving  a 
^^^JiM  appearance,  suggestive  of  a  sedimentary  origin,  occurs  at 
'^  Native  Well  on  the  new  Southern  Cross-Mt.  Jackson  track.    This 
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outcrop  is  in  a  direct  line  with  the  western  contact  of  the  Kooly- 
anobbing  Range,  and  of  the  western  elbow  of  the  Jackson  green- 
stones belt,  which  also  has  a  margin  of  gneiss.  As  opposed  to  a 
sedimentary  origin  for  the  gneiss  it  is  possible  that  the  banded  and 
gneissic  structure  has  been  produced  in  plutonic  granite  by  lateral 
pressure,  in  which  case  the  "eyes"  of  felspar  in  the  gneiss  at  Kooly- 
anobbing  are  accounted  for  by  the  foliation  of  a  coarse  porpby- 
ritic  granite. 

The  large  masses  of  plutonic  granite  now  represented  by  the 
frequently  occurring  bosses  and  tors  arid  covering  large  tracts  of 
country  were  probably  formed  by  the  absorption  of  the  gneiss. 


GREENSTONE   SERIES. 

Basic  Volcanic  Rocks. — Generally  speaking  the  basic  volcanic 
rocks  are  comjjosed  of  massive  dolerites  and  fine-grained  gabbros,  or 
massive  to  schistose  amphibolites,  according  as  they  occur  aw^ay 
from  or  close  to  the  granite  contact. 

Three  belts  of  greenstone  occur  in  the  area,  viz. : — 

(1.)  Extending  from  Diemels  and  Die  Harty  Ranges  throu^ii 
Jackson,  where  a  bend  in  the  belt  occurs,  and  passing 
through  the  Bungalbin  Ranges  to  the  eastern  boundary 
of  the  Yilgarn  Gold  field. 

(2.)   Embracing  the  Koolyanobbing  Ranges. 

(3.)  The  Ennuin  belt,  winch  does  not  extend  beyond  10  miles 
north  of  CuiTajong.  Taking  the  Jackson  belt  a- 
typical,  and  which  has  been  examined  more  particu- 
larly, it  is  described  below  in  detail. 

The  Dolerites  in  the  Jackson  belt  are  fine-grained,  massive 
rocks  and  cover  large  tracts  of  country.  The  following  is  a  des- 
cription by  Mr.  Farquharson  of  typical  specimens: — 

[13914.]  Country  rock  from  the  Butcher  Bird  Mine.  A  somewhat 
dull,  groyish-groon,  fine-grained  rock  with  a  yellowish  tinge  in  tho 
more  dooomposod  portions  and  showing  minute  reflecting  surfaces 
and  dull  green  spots. 

In  section  the  rock  is  in  great  part  opaque,  grey  granular  with 
short  and  long  columnar  and  platy  crystals  of  a  colourless  mineral,  with 
high  refractive  index  and  birefringence,  and  referable  mostly,  if  not 
wholly,  to  colourless  epidote.  There  are  also  pale  green  patches  en- 
closing agKreg:fites  of  epidote  plates,  with  somewhat  opaque  rims, 
occasional  curious  greyish  patches  resemblinpj  kaoliniFed  felspars,  and 
dark-walled  almost  skeletal  crystals,  of  which  the  walls  are  in  great 
part  composed  of  chloritic  scales  or  with  associated  epidote.  Pome 
greenish  grey  granular  patches  usually  opaque,  and  white  by  incident 
light,  also  occur. 

In  polarised  light,  the  slide  is  almost  wholly  of  uniform  low  bire- 
fringence.    There  are,  however,  occasional  short  and  columnar  crystals, 
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y-nd  of  whieh  are  epidote,  others  probably  epidote  but  closely  resmb- 
'.'i;  aagite,  sinee  optical  extinction  was  indefinite;  there  are  many  small 
lates  and  platj  aggregates  of  almost  colourless  epidote  and  zoisite, 
.rrasional  areas  of  almost  isotropic  ehloritic  material  with  associated 
tTi.iote,  in  columnar  form  representing  either  felspar  or  augite  (probably 
*be  latter).  There  are,  moreover,  platy  crystals  of  low  birefringence 
f'hkh  are  felspar,  and  in  places  can  be  seen  thin  columnar  or  broad 
irh-^haped  and  quite  opaque  crystals  projecting  into  shapeless  areas 
•:'  clear  quartz  and  referable  with  little  doubt  to  remains  of  felspar 
r-^tals  similar  to  those  in  some  altered  dolerites.  The  alteration  of 
tii''  felspars  appears  in  part  to  result  in  the  production  of  kaolin,  in 
;-irr  of  epidote,  but  is  in  all  cases  sub-microscopical.  The  forms  seen 
'^^m  to  indicate  a  kind  of  ophitic  (sub-ophitic)  structure  in  the  rock, 
^re  are  some  shapeless  areas  of  clear  interstitial  quartz. 

Most  curions  of  all,  however,  are  occasional  areas  of  greyish  clear 
Ta*erial,  which  in   polarised  light  and  with  high  powers  proves    to    be 
nsrinetly  spbemlitic  in  places.    There  are  in  some  instances  clear  quartz 
rr^als  even  with  pointed  ends  and  with  straight  uniform  lines  in  the 
ntenor  of  these  areas,  and  round  them  is  a  rim  of  clear  fibrous  plates, 
'■-*•  plates  set   at   right  angles  to  the  rim;   beyond  these  occur  either 
:*o.ated  spherulites  with  well-marked  radial  extinction,  or  small  aggre- 
gate^ of  them  in  the  greyish  mass.    This  latter  seems  in  places  to  give 
r-i^  to  sphenjlitic    aggregates.     In  any   case,  it   is  not  isotropic,   but 
:i4inctly  depolarises  and  exhibits  a  wavy  extinction.       The  spherulites 
^'A  the  fibrous  fringe,  as  well  as  the  whole  greyish  mass,  indicate  that 
Tbe  mineral  is  chalcedony  and  is  not  a  glass.      Now    chalcedony    can 
sf'f'^ar  as  an  original  constituent  of  the  ground-mass  of  very  silicious- 
Tofhrritic  eruptive   rocks  or  as  a  decomposition  product  in  all  kinds 
"'  TOfks.       It  is   unlikely,  seeing  that  interstitial  quartz  occurs  in    the 
••rk,  that  it  is  original,  though  it  is  fairly  prevalent  in  small  areas  in 
'  •?  roek  slide-     On  the  other  hand,  if  it  is  secondary,  there  must  have 
'**"ii  cavities  in  the  rock-mass  in  which  it  could  have  been  formed  and 
-"  whieh  the  enclosed  quartz  crystals  could  have  been  produced   (prob- 
i'ly  hy  the   action    of   alkaline  silicate  solutions).     It  would   appear, 
*    n.  that   either    the  rock   has  been   subjected   to   great  leaching   and 
■•^■r'nfKJSKition,  or  has  been  of  a  vesicular  nature,  and  the  vesicles  have 
•*^^nae  filled.     The  rock  betrays  marked  evidence  of  alteration,  chemical 
'-\  mineralogical.      The  presence  of  epidote,  of  chlorite,  the  loss  of 
t  of  the  optical  eflFects  in  the  slide,  and  the  opacity  of  the  felspars 
-    ^ndenee  the  alteration,  so  that  the  rock  in  any  case  is  largely  the 
'L.ln«*t  of  deeomposition.    The  sub-ophita  structure  noticeable  in  places 
'  \r2fsts  a  dolerite  origin.     The  rock  is,  in  its  altered  form,  difficult  to 
■-a.T#,  hot  it  appears  to  be  most  probably  an  eoidotised  and  chloritised 
iMs  igneous   rock,    probably  originally  a  dolerite. 

[13913.]      Between  the  Marda  dam  and  the  Standard   Mine. 
.in  exeeedingily  fine-grained  dark-green  rock. 

In  ordinary  light  there  are  numerous  small  imperfect  rods  of  a 
>*n  slightly   pleochroic  scaly  mineral  and  grains  of  iron  ores,  in  an 

•'*-'wt  clear  'but  slightly  greyish  granular  mass.  In  polarised  light,  the 
.'^'^sisih  forms  are  seen  to  consiFt  mostly  of  isotropic  chlorite  associated 

'^ps  with  much  granular  epidote  and  occasionallv  with  e^anular  calcite. 
n#v  have  the  aT>T^«arance  of  the  columnar  fels'^ars  that  Have  been 
'iTially  or  wholly  chloritised  and  eoidotised,  for  in  some  cases  portions 

*  ly*  orieinal  felspar  substance  still  remain.  In  addition,  there  are 
•^  '^^  indefinitely  columnar  and  platy  felspar  forms,  with  characters, 
-'▼ever    much    ©"bscured.     Grains  of  epidote  and  calcite  are  scattered 
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all  over  the  slide,  and  some  shapeless  plates  of  quartz  are  identifiable. 
The  character  of  some  of  the  larger  greenish  chloritic  forms  suggests 
an  origin  for  them  from  hornblende  or  augite.  The  rock  is  much 
weathered,  and  indefinitely  characterised  both  mineralogically  and  struc- 
turally, but  an  indistinct  ophitic  structure  appears  to  be  present. 

The  rock  is  classed  as  a  fine-grained  chloritised  dolerite. 

The  specimens  submitted  were  as  fresh  as  could  be  obtained. 
The  determinations,  however,  sufficiently  establish  them  as  dolerite 
and  one  as  an  amygdaloidal  dolerite. 

The  amygdaloidal  structure  is  plainly  visible  in  hand  speci- 
mens in  the  field,  the  amy^ules  being  now  filled  with  quartz.  These 
quartz  fillings  weather  out  as  perfectly  rounded  pebbles.  The 
amygdules  vary  in  size  from  almost  microscopic  size  up  to  ^  inch 
in  diameter.  The  amygdaloidal  structure  is  visible  in  both  the  aejd 
and  basic  rocks.  Of  the  basic  amygdaloids  the  best  outcrops  are 
in  the  vicinity  of  the  Butcher  Bird  Mine,  and  the  acid  representa- 
tives occur  between  Bulgine  and  Mt.  Jackson  Trigonometrical  Sta- 
tions.    (See  Fig.  30.) 


Fig.  30. 


\nifdMiU  fiBod. 


Showing  vesicular  structure  in  decomposed  porphyry 

near  Mount  Jackson  Trig. 


A  specimen  of  greenstone  from  south  of  the  Butcher  Bird 
mine  has  been  described  by  Mr.  Farquharson  as  a  porphyritic 
vesicular  basalt  or  augite  andesite.  This  rock  contains  radial  spher- 
ulitic  chorlite,  which  is  a  typical  component  of  a  vesicular  lava 
flow.  An  extensive  development  of  this  rock  may  be  traced  between 
the  more  acid  lavas  and  the  dolerite,  and  probably  represents  a 
transition  from  basic  to  acid  flows. 

Another  interesting  variety  of  the  greenstone  occurs  east  of  the 
Marda  tank.  This  has  in  places  a  peculiar  pisolitic  structure  and 
weathers  with  a  roughened  spherulitically  pitted  surface.  The  size 
of  the  spherules  are  uniform  in  individual  specimens,  but  vary  at 
different  places  from  pea-size  up  to  %  inch  in  diameter.  This  rock 
is  probably  a  variolite  or  ophite  and  resembles  rocks  of  volcanic 


153 

<r!;nn  in  the  L^e  Superior  region  in  America,  whicli  are  named 
ihites''  by  the  Michigan  Geological  Survey  and  "variolites"  by 
:^  United  States  Geological  Survey. 

The  following  is  a  description  of  a  specimen  of  tuff  associated 
^^u  the  ophites  examined  microscopically  by  Mr.  Farquharson. 

'13988.]    Surface    outcrops    between    the    Mar  da    Tank    and    the 

Spedmens  vary  from  a  minutely  grained  almost  flinty  type  with 
cai:  rounded  quartz  nodules,  through  a  nodular  flinty  type  to  a  coarse- 
n3.e\  greenish-grey  but  still  almost  aphanitic  rock. 

U  tection,  the  rock  proves  much  too  weathered  for  definite  deter- 

iiticm,  having  been  altered  by  exposure  as  a  capping,  but  a  few 

-ts  can  be  made  out.     It  appears  to  be  of  f ragmental  origin.     There 

-'*  anall  angular  pieces  of  kaolinised  felspar,  grains  of  epidote  occur- 

'^z  sporadically  and   in  aggregates,  opaque  grey  granular  forms  of 

.  rtfol  character  but  in  part  chloritic  and  kaolinic,  small  grains  of 

ATtz— in  one  case  almost  hexagonal — and  occasional  peculiar  rounded 

'Tetionary  forms.     In  places  are  what  appears  to  be  the  remains  of 

^'2?  completely  weathered  crystals.     There  is  an  almost  uniform  low 

j^-frlngence  throughout  the  dide  almost  amounting  to  isotropism.     In 

"*  finer  grained  type   the  slide  is  a  minutely  grained  yellowish-grey 

---  of  almost  isotropic  character;  but  here  and  there,  especially  in 

'  -  Bodalar  variety,     are   rounded    quartz    patches   resembling   quartz 

■^.'\(^,  and  occasional   angular   or    f ragmental   patches   of   quartzose 

oja^f  which  probably   represent   completely   weathered   felspar    frag- 

-at^    The  nodular   variety  also  exhibits  strings  of  yellowish  green 

-  ritie  material  sometimes  surrounding  smaller  nodular  forms. 

The  stmcture  of  the  rocks  is  very  indefinite,  due  to  advanced  altera- 
'  -c.  but  it  appears  to  be  of  fragmental  origin,  and  is  put  down  with 
t  as  a  much  altered,  fine-grained  volcanic  tuff. 

Between  Marda  and  Jackson  and  to  the  north  of  Curragibbin 

-' .T'mometrical  Station  the  greenstones  are  more  basic.     In  hand 

^  '^imens  they  are  a  fine-grained  dark  green  rock  which  under  the 

■  rngcope  b  seen  to  be  a  gabbro  or  basic  dolerite.     This  has  the 

-  le  field  relations  as  the  amygdaloidal  dolerite  and  is  probably  a 
"-  re  basic  variety  of  the  same  volcanic  series. 


CARBONATED    ULTRA-BASIC   ROCK. 

In  the  Great  Unknown  Mine  at  Marda  the  country  rock  is  a 

■'>mated  rock  which  corresponds  in  composition  with  a  peridotite. 
^  carbonated  peridotites  of  Kalgoorlie  have  been  so  far  recog- 

'■'^-  as  being  of  intrusive  origin.  The  presence  in  the  carbonated 
^  at  Marda  of  a  banded  quartzite  cannot,  however,  be  reconciled 
^  intrusive  origin  for  this  rock,  especially  as  a  shear  zone  in  the 

'•<  iii  later  than  the  banded  quartzite.  Owing  to  the  sedimentary 
"n  for  the  quartzites  put  forward  later  this  carbonated  rock  is 

•  arwitly  interbedded  with  a  volcanic  sediment  (viz.,  banded 
inzite),  and  therefore  must  be  a  volcanic  rock  itself,  therefore  a 
^''onaled  ultra-basic  lava  flow.    This  view  I  think  is  most  con- 

••'♦tit  with  aU  the  facts  discovered  in  the  district. 
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An  analysis  of  the  country  rock  of  the  Great  Unknown  Mine 
and  the  shear  zone  in  which  the  quartz  occurs  gives  the  following 
composition : — 
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..    6761 
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rock  of  ( 

known,  Marda. 

(2,)  G.S.M.  wV.  G.S.L.  6762D.— Shear  zone  of  Great  Unknown, 
Marda. 

The  presence  of  chromite  is  confirmed  by  the  analysis  givinj]^ 
.34  per  cent,  of  Cr^Oj. 

Amphiholite. — At  Jackson  all  the  country  rock  with  the  ex- 
ception of  the  quartzites  and  ferrug^inous  quartzites  (jaspers)  is 
composed  of  fine-grained  amphiholite  of  varying  textures,  the 
coarsest  being  in  the  minority  and  of  medium  grain. 

The  amphibolites  at  Jackson  have  the  same  field  relations  to 
the  ferruginous  quartzites  (jaspers)  as  the  dolerites  have  at  Marda. 
The  quartzites  are  less  contorted  and  more  ferruginous  than  at 
Miarda. 

Owing  to  their  proximity  to  the  granite  to  the  west,  their  rela- 
tions to  the  banded  ferruginous  quartzites  (jaspers)  and  their  var- 
iation in  texture,  the  amphibolites  are  most  probably  derivatives  of 
the  dolerites  by  metamorphic  action  and  uralitisation.  There  is  no 
evidence  of  an  intrusive  origin  for  the  amphibolites. 

ACTD    VOLCANIC    ROCKS. 
These  consist  of  different  kinds  of  porph\Ty,  which  vary  from 
fine-grained   almost   felsitic  porphyry  to   a  coaree-grained  rhyolite 
porphyry. 


Three  developments  of  porphyry  occur  at  Marda,  one  on  the 
nVm  boundary  of  the  greenstone  (see  Fig.  31) ;  one  on  Allen's 
si;  and  one  in  the  Mt.  Jackson  ranges. 


°  I 


Tbe  niirthern  oeciirrenee  consists  of  a  large  development  of 
■lite  porphyry  which  is  in  places  decidedly  fragmentary,  and 
'■■  changes  to  the   north  into  a   piijlf   felspar   porphyry   very 

■ar  Id  ihe  felspar  pori>hyry  at  Binduli  near  Kalgoorlie. 

At  Allen's  Find  the  country  rock  is  very  decomposed  and  its 
■  l-mtioD  ia  not  clear,  though  it  is  an  acid  rock  of  some  descrip- 
-Q  and  vontains  remains  of  porphyritic  felspar. 

The   southern    occurrence   of    porphyry    outcrops    three   miles 

■  y-b  of  the  JIarda  Tank,  and  is  of  much  more  limited  devdopment 

■  an   the  northern    occurrence.     This  porphyry   is  almost  fel^tic, 
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showing  faint  outlines  of  felspar  phenocrysts,  and  also  rounded 
phenocrysts  of  quartz.  In  hand  specimens  it  is  a  pale  pink  colour 
to  almost  white.  Interhedded  in  it  there  occur  a  number  of  paral- 
lel bands  of  ferruginous  quartzite  (jasper)  similar  in  every  respect 
to  the  quartzites  in  the  basic  series,  and  striking  parallel  with  them. 
This  is  significant  as  correlating  the  porphyry  with  the  basic  vol- 
canic rocks  and  placing  them  also  as  volcanic  rocks,  viz.,  acid  lavas. 
This  is  supported  by  the  fragmental  bands  in  the  Rhyolitic  por- 
phyry north  of  the  Butcher  Bird  No.  1 

Associated  with  the  southern  band  of  porphyry  in  a  gully 
between  Bulgine  and  Mount  Jackson  Trigonometrical  Stations, 
there  occurs  a  decomposed  rock  which  has  the  appearance 
of  being  derived  from,  and  is  on  the  same  strike,  as  the  fel- 
sitic  porphyry  on  the  southern  slope  and  summit  of  Bulgine  Trig- 
onometrical Station.  This  decomposed  rock  contains  perfectly 
round  inclusions  of  quartz  which  in  distribution  and  appearance 
are  similar  to  the  vesicles  formed  in  a  lava  flow,  or  slag,  and  have 
exactly  similar  characteristics  as  the  vesicles  in  the  vesicular  basalt 
near  the  Butcher  Bird.  Some  of  the  cavities  instead  of  being  com- 
pletely filled  with  quartz,  have  a  concentric  ring  of  quartz  with  a 
hollow  centre,  the  growth  of  quartz  being  from  the  periphery  of 
the  cavity  inwards  as  in  Fig.  30,  which  is  distinct  evidence  of 
amygdaloidal  structure.  An  analysis  of  a  weathered  specimen  of 
the  felsitic  porphyry  gives  the  following  results: — 

G.SM.^,  G.S.L.  6763d. 
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Murray. 

(1.)  Weathered  felsite  porphyry  from  Creek  between  Bul- 
gine and  Mount  Jackson  Trigonometrical  Stations. 
(2.)   Quartz   porphyry   Mount  Haughton,  Michigan,  U.S.A. 
Although  No.  1  specimen  from  Marda  is  much  weathered,  it 
can  be  seen  that  its  composition  is  sufficiently  dose  to  No,  2   (an 
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sdoubted  felsite  porphyry  of  effusive  ori^n)  to  establish  its  iden- 
try  as  sueh,  especially  with  supporting  field  evidence. 

This  is  important  on  account  of  the  amygdules  only  being 
round  in  the  weathered  rock.  The  low  percentage  of  soda  and 
[•"tajifa  in  the  Marda  rock  (No.  1)  may  easily  be  accounted  for  by 
'«»atbering.  It  is  therefore  evident  that  these  rocks  represent  a 
series  of  acid  amygdaloids,  lavas  and  tuffs. 

The  rhyolite  porphyry,  of  which  there  is  a  prominent  outcrop 
:irth  of  the  Butcher  Bird  Mine,  is  a  dark  bluish-grey  rock  showing 
r.:mepou3  white  phenocrysts  of  felspar  in  a  dark  aphanitic  ground 
~4iss.  In  places  it  is  a  distinct  breccia  which  is,  however,  never 
'err  eoarse.  On  weathered  surfaces  the  fragmental  character  of 
'^r^ain  bands  is  obvious. 

About  four  nailes  north  of  Marda,  on  the  Pigeon  Rock  track, 
t"3rTe  b  another  bold  out<;rop  of  a  banded  rhyolite  porphyry  with 
i  **lvage  of  black  glassy  rhyolite.  In  hand  specimens  it  looks  like 
j  blaek  chert,  bat  its  field  relations  place  it  as  a  phase  of  the 
^yolite  porphyry- 

An  analysis  of  the  rhyolite  porphyry  gives  the  rock  the  fol- 
k'Ting  composition:— 

G.S.ML  y*^.  G.S.L.  6760D. — Rhyolite  porphyry  20  chains  north 
'f  the  Butcher  Bird  Mine. 
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rnfortunately,  owing  to  the  scarcity  of  outcrops  and  exposures 
'  ^is,  no  measurements  of  the  lava  beds  and  dips  can  be  given, 
"17^  the  dips  of  the  jaspers  should  correspond  with  them. 

The  dips   are,  however,  roughly  vertical  in  the  southern  por- 
-yry  and  owing  to  the  much  greater  horizontal  distribution  of  the 
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northern  porphyry  the  dips  of  the  latter  are  probably  fairly  slial- 
low. 

FERRUGINOUS  QUARTZ FTES  (JASPERS). 

The  ferruginous  qiiartzites  occur  exclusively  in  the  greenstone 
series  and  appear  to  be  interbedded  with  fine-grained  greenstones 
and  felsite  porphyry.  These  rocks  are  locally  known  as  "jaspers'* 
by  miners  and  prospectors. 

Their  extensive  and  continuous  distribution  in  tlie  greenstone 
belts  is  brouglit  out  by  the  mapping  shown  on  Plate  I.  This  shows 
only  the  most  prominent  exposures  and  there  are  many  minor  ex- 
posures which,  owing  to  the  broad  nature  of  tlie  work,  could  not  be 
delineated. 

The  most  prominent  exposures  are  In  the  Die  Harty  Ranges, 
east  of  Pigeon  Rock,  at  Jackson  and  Marda,  and  at  Bungalbin.  Ex- 
j  osures  can  be  traced  between  tliese  points  and  are  sufficient  to 
show  the  complete  continuity  of  the  bands. 

The  "Jaspers"  also  form  a  backbone  to  the  Koolyanobbing  and 
Ennuin  greenstone  belts. 

Dips  are  determinable  in  most  of  the  outcrops  and  show  the 
steep  angle  at  which  the  rocks  are  tilted,  the  low'est  recorded  dip 
being  35dcg.  east  at  Athlone,  where  an  anticlinal  formation  can  be 
seen  about  a  mile  north  of  the  workings.  Around  Pigeon  Rock  the 
dips  are  mostly  to  the  west  at  varying  angles;  at  Mt.  King  to  the 
west;  the  Die  Harty  ranges  and  Windarling  Peak  to  the  south;  at 
Jackson  to  the  east  with  a  much  gentler  dip ;  and  at  Marda  the  beds 
are  almost  vertical  with  a  general  inclination  to  the  north.  They 
appear,  therefore,  to  form  a  huge  syncline  pitching  to  the  east. 

The  quartzitcs  are  in  all  cases  extremely  evenly  banded  and 
considerably  contorted  in  places  (Figs.  32  and  33).  They  are 
composed  of  alternating  bands  of  ferruginous  and  quartzose  ma- 
terial. The  ferruginous  bands  are  composed  of  hematite  and  mag- 
netite in  varying  projiortions  and  sometimes  limonite.  In  hand 
specimens  they  are  composed  of  alternating  bands  of  light  and 
dark  colour,  varying  from  bluish-black,  through  all  shades  of  red  to 
white  (Fig.  33). 

Three  chief  varieties  occur  according  to  which  coloured  bands 
predominate — 

(1)  Blue-black  banded  variety; 

(2)  Red  banded  variety; 

(3)  White  banded  variety. 

The  blue-black  and  white  banded  varieties  are  most  promin- 
ently represented  near  the  granite  contacts  at  Jackson  and  around 
the  inlier  at  I'igeon  Rock. 


BalUtm  No.  71. 


ilg.  32. 
CWntMl  Jup«r,  Vt  nUe  w«rt  of  Qrwt  Unknoira  Oold  Mlu, 


Bullflin  No.   ; 
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Cwteited  JuiMT,  Yt  mile  wart  of  OrMt  Unknown  Gold  IClss, 
MukU. 
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The  red  banded  variety,  which  commonly  has  a  brilliant  ver- 
•ulion  hue,  occurs  at  Marda  and  Bungalbin  where  huge  cliffs  show- 
t'i  several  hundreds  of  feel  of  vermilion  quartzites  occur  among  the 

ra  tires. 

There  is  a  eherty  variety  of  "Jasper*^  which  is  not  evenly 
landed,  but  appears  to  be  a  Seconal ary  deposition  of  quartz  along 
Taeks  and  fissures  in  the  contorted  banded  rock.  This  eherty 
iJisterial  is  often  accompanie<l  by  quartz  veinlets. 

The  ferruginous  quartzites  ( jas}  ers)  of  Marda  are  apparently 
"•  -alimentary  origin.  But  rocks  of  similar  character  have,  in  other 
*>tricts,  been  described  as  shear  zones  in  greenstone,  and  in  the 
5<nuhern  portion  of  the  Yilgani  Goldfield,  Mr.  Blatchford  favours 
Mi-h  an  origin  for  certain  ferruginous  quartzites  occurring  there. 
Tt.tfse,  however,  according  to  Mr.  Blatchford's  report  *  have  ehar- 
i'*er>  distinct  from  the  Marda  quartzites. 

The  siliceous  and  ferruginous  character  of  the  quartzites  in 
L'eneral  is  probably  of  secondary'  origin  and  such  an  impregnation 
»'fild  be  found  to  occur  both  along  lines  of  shearing  or  schistose 
Zones  and  sedimentary  beds ;  in  fact,  along  any  rock  capable  of  pro- 
\i'lin?  a  free  circulation  for  underground  waters.  If  such  is  the 
-ase  the  resulting  rock,  whether  an  impregnated  shear  zone,  schist 
'>r  sediment,  would  be  hard  to  distinguish  in  hand  specimens. 

The  banding  of  the  Marda  quartzites  (jaspers),  however,  ap- 
jtans  to  me  to  be  too  uniform  and  regular  to  be  caused  by  shearing 
•r  schist o«ity,  and  has  a  strong  resemblance  to  that  of  sedimentary 
•^k  both  in  appearance  and  structure,  for  example,  the  anticline 
"♦f  airing  north  of  the  Athlone  leases.  Their  contact  with  both  the 
'  ai«ive  and  schistose  greenstones  is  invariably  perfectly  sharp,  es- 
•vially  at  Marda.  At  Jackson,  however,  when  a  schistose  wall  oc- 
"^urs  it  sometimes  has  an  appearance  of  being  either  a  schist  im- 
'f^-Tiated  with  iron  oxides  or  vice  versa ^  a  ferruginous  quartzite 
-  I'regnated   with  hornblende. 

The  Marda  quartzites  have  also  been  subjected  to  all  the  dy- 
'^Tiie  forces  that  have  acted  on  the  greenstones,  such  as  fissuringand 

•  '^ring.    In  the  Great  Unknown  mine  at  Marda  a  shear  zone  in 
>  jn-eenstone  actually  passes  through  the  banded  quartzite,  and 

i>  formed    a    shear   breccia   composed   of   fragments   of   banded 

artzites. 

The   following  chief   characteristics   of   the   Marda   ^'Jaspers'* 

*  ••'T.dy  suggest  that  they  are  of  sedimentary  origin : — 

il.)  The  remarkable  and  persistent  evenness  of  the  banding, 
-any  hundreds  of  feet  in  thickness,  more  even  than  known  shear 
- 1«  and  just  as  even  as  any  series  of  sediments. 


*  BalL  5a  93.— The  Oeolosy  and  Mineral  Resoorce  of  South  YUgam,  by  T.  Blatchford, 
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(2.)  The  proved  continuous  occurrence  of  the  evenly  banded 
structure  for  70  miles  in  length  in  the  greenstone  belt,  and  perhaps 
much  longer.  This  is  a  structure  undoubtedly  produced  by  sedi- 
mentation, a  process  which  takes  place  under  such  uniform  condi- 
tions as  would  produce  a  great  persistence  of  even  banding. 

(3.)  Variation  in  dip  from  30deg.  to  vertical  and  the  presence 
of  anticlinal  folds. 

(4.)  The  association  with  volcanic  rocks  at  Marda  with  which 
they  are  interbedded.  It  would  be  most  unusual  to  have  a  big  de- 
velopment of  volcanic  rocks  without  sediments  of  some  kind  inter- 
bedded with  them.  The  ferruginous  character  of  the  quartzites 
would  be  consistent  with  volcanic  sediments  as  indicating  an  origi- 
nal basic  composition. 

(5.)  If  the  "Jaspers"  represented  shear  zones  then  owing  to 
their  great  length  they  could  only  have  been  formed  by  regional 
movements.  In  which  case  it  would  be  only  reasonable  to  expect  to 
find  an  equivalent  effect  on  some  of  the  gneisses  and  granites  which 
are  devoid  of  anything  approaching  a  similar  character.  But  the 
porphyries  in  the  greenstone  series  which  have  a  very  similar 
chemical  composition  to  granite  do  contain  banded  quartzites. 

(6.)  Distortion,  faulting  and  brecciation  of  the  quartzites  by 
the  same  earth  movements  which  have  formed  shear  zones  in  a  direc- 
tion across  their  strike  showing  that  the  quartzites  existed  before  the 
shear  zones  were  formed  in  the  rocks. 

(7.)  Tlie  general  ferruginous  character  of  the  beds  would  be 
accounted  for  by  the  basic  composition  that  volcanic  sediments 
usually  have  when  associated  with  basic  volcanics.  It  is  interesting 
to  note  that  the  quartzites  occurring  in  the  porphyries  are  non- 
ferruginous,  which  is  consistent  with  the  above  views. 

The  otiier  belts  of  greenstone  have  not  been  examined  in  the 
same  detail  as  the  Jackson  belt,  but  generally  they  are  composed  of 
fine-grained  greenstone  and  jasper. 

The  Koolyanobbing  belt  is  about  five  miles  wide  and  over  30 
miles  long  striking  in  a  north-west  direction.  It  is  characterised  by 
the  usual  hard  backbone  of  ferruginous  quartzites  which  form 
prominent  ridges  for  its  whole  length. 

INTRUSTVES. 

The  intnisives  at  Marda  are  made  conspicuous  by  their  ab- 
sence. In  fact  away  from  the  granite  contact  no  decided  intrusive 
rocks  were  met  with,  unless  some  of  the  coarse  amphibolite  outcrops 
represent  later  intrusive  masses,  but,  unfortunately,  no  field  evi- 
dence could  be  found  of  the  relation  of  such  isolated  coarse-grained 
ampliibolite  to  the  fine-grained  greenstone. 
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In  the  old  Mt.  Jackson   Proprietary  workings  at  the     100ft. 
- '  :liere  occurs  vhat  appears  to  be  a  coarse  amphibolite  dyke, 

*  Aing  to  the  decomposed  nature  of  the  ground  its  relations  were 
•     i-ar.        Xot  having  well-defined  walls  it  might  be  a  coarser 

--  uf  I  he  tine-crrained  amphibolite. 

Ic  the  greenstone  belts  I  saw  no  undoubted  intrusive  dykes  of 
'■  '-ites:  all  the  dolerito  outcrops  seemed  to  be  part  of  the  volcanic 

In  tlie  granite  country,  however,  opposite  the  60-Mile  post  on 
tiabbit  Proof  Fence  and  about  one  mile  on  the  south  of   Geer- 

*  •-.:  Roek,  a  dyke  of  fine-grained  dolerite,  about  two  chains  wide, 

*  -^  almt^t  east  and  west  across  the  track  from  Elachbutting.   At 

>•  ntl^em  foot   of  Geeranning  Rock  another  dyke  occurs,  also 

-  >x/  east  and  west,  composed  of  a  coarse-grained  amphibolised 

•^•>.    This  has  fine-grained  margins  and  an  epidotised  phase  on 
'•-  -.-ie.    They  were  the  only  basic  dykes  met  with  in  the  granite 

Xtar  the  granite  contact  intrusives  of  pegmatite  and  granite 

<  t  fre<inent  occurrence,  and  in  most  cases  have  a  strike  parallel 

■ .    the     contae t.     Near  the  northern  contact  of  Koolyanobbing- 

-  -r.-tone  there  are  numerous  granite  intrusions,  which   have  an 
.'ilar  trend  and  of  considerable  width  in  places.     It  is  on  the 

r*.i"i  of  one  of  these  granite  intrusions  that  the  reefs  of  the  Rain- 
\*'Sb^if  occur  (see  plate),  and  in  the  greenstone  schists  into  which 
jranite  is  intrusive  there  are  bands  of  felsitic  porphj'rj'  asso- 

*  *-i  with  the  quartz  reefs. 

i»n  the  north-east  contact  of  Koolyanobbing  Range  there  are 
-  V  mtmsive  dykes  of  granite,  also  east  of  Mt.  King,  and  south  of 
\*  Jackson. 

THE    RUBRA  WANG   SERIES. 

T.je  rocLs  of  the  series  which  is  correlated  with  that  at  Kurra- 
j  rest  unconformably  on  the  ancient  greenstones,  and  are  com- 
■  :  exclusively  of  slates,  quartzites,  and  conglomerates  of  dif- 
'  '*  grades  and  textures.  These  beds  are  sporadically,  though 
distributed  over  the  greenstone  belts,  and  represent  rem- 
<if  a  series  that  once  covered  a  much  greater  area. 


W 


*  <j 


The  chief  exposures  are  on  the  northern  fall  of  the  Mt.  Jackson 

^^*!  at  Marda  (see  Fig.  34),  and  north  of  Marda  running  east 

*  •  Test  from  the  14-Mile  on  the  Ularring  Road,  through  the  old 

*»rft  William,  and  thence  between  Allen's  Find  and  the  Great  Un- 

*    ^n.     Not  sufficient  outcrops  occur  to  correlate  the  individual 

'"H  of  the  series.    Isolated  outcrops  shov*  ^ne  dass  of  bed  exposed 
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at  a  tiaie,  and  therefore  no  accurate  section  can  be  drawn  of  the 


Photo:  T.  BlMchtora.  Neg.  1323. 

Bedimonta  la  er«ek  batreen  Bnlgliie  &nd  Mount  Jackaon  Tries. 

But  it  ia  certain  that  it  cunsists  of  altematmg  beds  of  con- 
glomerales  (see  FJ^.  35),  sandstones,  and  Blates.  Otiier  outcrops 
occur  on  ^'icloria  Trigonometrical  station  at  Jackson.     In  a  pre- 
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In  section,  the  rock  consists  of  large  and  small  interlocking  an 
irregularly  outlined  grains  of  quartz,  the  boundaries  clearly  marke 
by  dust  particles,  and  with  a  small  amount  of  silicious  cement  developec 
The  structure  of  the  rock  is  that  of  an  Itacolumite,  and  the  rock  is 
quartzite  formed  from  loose  grains  of  quartz  compacted  by  pressui 
and  to  a  certain  extent  by  development  of  secondary  quartz.  It  is  c 
clastic  origin. 

Another  outcrop  very  similar  to  that  at  Victoria  Trig.,  but  c 
coarser  grain,  occurs  2%  miles  north-east  of  Buddaming  Trigone 
metrical  Station.  This  is  probably  a  continuation  of  the  Mard 
occurrence. 

West  of  Pigeon  Rock,  there  is  a  belt  of  conglomerates  strikin 
in  a  north-west  direction.  This  can  be  seen  outcropping  on  th 
Yarbu  track  and  on  a  hill  to  the  east-north-east  of  Yarbu.  In  tli 
latter  place  the  adjoining  bands  of  sediments  are  very  much  indui 
ated  and  are  in  places  impregnated  with  tourmaline. 

At  the  northern  extremity  of  the  Ennuin  belt  of  greenstone  an 
about  five  miles  north  of  Currajong  there  is  an  outcrop  of  indurate 
sandstone  that  greatly  resembles  the  current  bedded  rock  at  Yi( 
toria  Trig.,  and  probably  representing  another  outlier  of  the  Kurr« 
wang  series. 

The  proof  of  unconformity  is  based  on  the  following  facts  :- 

(1.)  Presence  in  the  conglomerates  of  pebbles     of    bande 

quartzite  and  vermilion  quartzites   (Jaspers)    and  o 

quartz  porphyry,  which  are  identical  with  the  rocks  o 

the  greenstone  series. 

(2.)  Great  lithological  difference  between  the  beds  of  the  tw 

series. 
(3.)  Actual  exposure  of  the  younger  series  resting  on  th 
upturned  edges  of  the  older  series  with  the  beds  o 
either  series  dipping  in  opposite  directions.     This  ca' 
be  seen  on  the  western  spur  of  the  Bulgine  Trigone 
metrical  Station,  three  miles  south  of  Marda  Tank. 
Tliese  beds  have  been  undoubtedly  laid  down  in  running  watei 
the  pebbles  being  well  rounded  and  such  as  would  be  found  in  tli 
lower  reaches  of  a  large  river. 

An  analysis  of  a  quartzite  from  the  creek  bed  between  the  Ml 
Jackson  and  Bulgine  Trigonometrical  Stations  sliows  the  followin, 
composition: — 

G.S.L.  7470D. 

SiO,          86-96 

A1,0,         10-24 

Fe,0,        -82 

CaO           trace 

MgO          -09 

H,0-h 1-96 

H,0— -06 

100-13 

Sp.  Gr. 2-65 

Analyst     .  •         .  •         •  t        H,  Bowley. 
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The  conglomei'ates  at  Marda  are  not  crushed  like  those  at  Kur- 
rawang,  near  Kalgoorlie.  This  is  probably  owing  to  their  occurring 
in  a  zone  in  which  the  older  series  strikes  east  and  west,  and  so 
offers  suflficient  resistance  to  protect  the  later  series  from  shearing 
forces. 

Both  Messrs.  Maitland  and  Blatchford,  who  made  an  inspec- 
tion of  the  area  towards  the  end  of  the  field  season,  were  struck  with 
the  resemblance  of  the  conglomerates  to  the  Nullagine  series  in  the 
Pilbara  Goldfield. 

In  the  Kurrawang  series  some  interesting  nodules  occur,  which 
are  chiefly  spherical  in  shape  and  reach  up  to  three  inches  in  dia- 
meter. They  are  mostly  composed  of  flinty  material  and  have  ap- 
parently grown  from  a  nucleus.  There  are  also  concretions  of 
ealeite  which  take  most  fantastic  shapes,  and  have  a  form  so  sym- 
metrical as  to  suggest  their  derivation  from  fossil  remains.  These 
flint  and  calcite  nodules  occur  near  the  contact  of  the  older  and 
younger  rocks  and  in  the  younger  series. 

RECENT  DEPOSITS. 

The  superficial  deposits  consist  of  the  laterite  cappings  to  the 
more  decomposed  portions  of  the  rocks  of  the  highlands  and  plat- 
eaux. The  highest  portions  of  the  ranges  consist  of  hard,  unwea- 
thered  rock,  while  the  laterite  chiefly  covers  the  foothills  of  tl)e 
greenstone  ridges,  and  large  areas  of  the  granite  plateau. 

Amongst  the  ranges  there  are  extensive  deposits  of  alluvium, 
and  the  plains  are  covered  with  sand  for  many  square  miles  without 
the  sign  of  an  outcrop. 

It  is  not  known  to  what  depth  the  alluvium  extends  in  the  lake 
eountr>'.  It  is  probable,  however,  except  where  the  lakes  hug  the 
greenstone  belts  that  many  hundreds  of  feet  of  alluvium  exist.  Close 
to  the  ranges  the  lakes  are  shallow,  bed  rock  often  corresponding 
with  the  surface  of  the  lake.  This  is  probably  due  to  the  migration 
of  lakes  described  by  Mr.  Jutson,*  and  only  extends  for  a  short 
diFtanf*e  from  the  shore  towards  which  the  lake  migrates. 

No  deep  leads  or  auriferous  alluvial  patches  have  been  dis- 
covered in  the  Jackson  District,  though  there  is  no  reason  why  they 
should  not  exist. 

v.— STRUCTURAL    GEOLOGY. 

FOLDING. 

The  broader  structural  features  of  the  district  are  brought 
oat  by  an  accurate  delineation  of  the  ferruginous  quartzites 
(jasfjers),  showing  the  dips  of  the  beds  where  possible.  This 
shows  that  there  are  a  series  of  closely  compacted  folds  where  the 
dips   are   very  steep.     At  Athlone,   Buddaming,   and    Windarling 

•  BvOeCfn  61,  OJB.,W.A.,  p.  16«. 


166 

Peak  the  dips  are  from  35°  to  45°,  showing  that  the  foldin^:  was 
less  intense  inside  this  area.  At  Wundarling:  Peak  the  rocks  dip 
to  the  south,  and  at  Athlone  and  Buddarning  to  the  north-east, 
hence  forming  a  syncline  pitching  to  the  south-ea.st.  North  of 
Pigeon  Rocks  shallow  dips  are  again  recorded  dipping  to  the  west, 
showing  that  the  beds  are  less  tilted  in  that  locality  also. 

DISTORTION. 

The  jaspers  have  been  distorted  by  pressure  exerted 
parallel  to  their  strike.  This  effect  is  always  greater  when 
the  beds  strike  east  and  west  than  when  thev  strike  north  and 
south.  This  distortion  takes  place  on  a  large  scale,  resulting  in 
a  sinuous  course  being  given  to  the  beds  over  some  miles  along 
their  strike.  This  is  accompanied  by  fracturing  and  faulting.  On 
a  minor  scale  the  distortion  can  be  seen  even  in  hand  specimens 
(see  Figs.  32  and  33). 

The  following  diagram  is  a  rough  representation  of  the  dis- 
tortion in  the  ridge  of  Jaspers  at  Marda  on  a  number  of  leases 
known  as  the  Bergoose  Group   (Fig.  36). 

Fig.  36. 


Diagrammatic  sketch  of  contortions  in  the  Bergoose  jaspers,  Marda. 

FAULTING. 

Major  faulting  has  taken  place  at  Marda,  and  a  series  of  major 
steps  faults  appear  to  have  taken  place  at  Koolyanobbing. 

At  Marda  the  principal  major  fault  passes  through  a  break  in 
the  greenstone  ridges  east  of  the  10-mile  soak  on  the  new  Southern 
Cross  track.  This  break  is  in  line  with  the  course  of  the  undoubted 
rupture  in  the  Mt.  Jackson  ranges  passing  through  Boondine  to  the 
south-west  of  Mt.  Jackson  Trigonometrical  Station.  Further,  this 
is  in  the  same  line  as  a  break  in  the  Rhj^olite  Porphyry  west  of  the 
Butcher  Bird  Mine.  Owing  to  a  shortening  of  the  width  of  the 
greenstone  west  of  the  fault  line  and  a  displacement  of  the  south- 
dipping  Jaspers  to  the  south  the  fault  is  probably  an  overthrust 
from  the  west.      This  would  result  in  a. narrowing. of  the  dynclines 


iLil  a  wideniog  of  anticlines  west  of  the  fault  line,  which  is  what 
I'-iually  oecura   (Fig.  37). 


Faultin?  on  a  minor  scale  is  very  oominon  in  llie  whole  fiel<l 
-<♦•  Fitr,  3"J.  some  very  fjood  inslances  of  step  faulting  occurring 
:  Jaekson,  where  a  quartz  reef  can  be  seeu  faulteJ  twice  with  a 
:al  displacement  of  5?:  feet  within  a  iliatouce  of  one  chain. 

')f  the  minor  faults,  two  kinds  are  observable : — 

(1)  Reversed   I>ii)    Faults  strikinf;  north-eaat  and   at  right 

angles  to  the  schietose  structure  of  the  re^rion. 

(2)  Strike  faults  parallel  to  the  achisto^ity.     The  latter  type 

of  fanltiQR:  is  not  easily  seen,  as  the  fault  plane  be- 
comee  confused  with  planes  of  ithearing.  It  is  gen- 
erally accompanied  by  sliekensiding. 
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In  the  two  principal  mining  centres  of  the  district  the  struc- 
tural features  are  quite  distinct,  chiefly  owing — 

(a)  to  the  difl'erence  in  strike  of  the  rocks  in  the  two  cen- 

tres, and 

(b)  to    the    greater    metamorphism    that    has    occurred    at 

Jackson,  owing  to  its  proximity  to  the  granite  con- 
tact. 

Since  the  rocks  at  Marda  strike  practically  at  right  angles  to 
the  shearing  and  foliating  forces,  they  have  been  protected  to  a 
great  extent  from  those  forces  and  still  retain  their  original  struc- 
tures, but  the  strains  set  up  have  resulted  in  the  formation  of  an 
irregular  system  of  fractures. 

At  Jackson,  owing  to  the  line  of  least  resistance,  viz.,  the 
bedding,  corresponding  with  planes  along  which  shearing  and  folia- 
tion took  place,  the  Assuring  has  had  a  longitudinal  trend  not  very 
far  from  parallel  with  strike  of  the  schists. 

SHEARING  AND  FOLIATION 
is  characteristic  of  the  country  close  to  the    granite    contact,  but 
towards  the  centre  of  the  belts  the  schistose  structure  is  practically 
absent,  except  for  local  shear  zones  such  as  occur  in  the  Great  Un- 
known Mine. 

PLANES  OF  PARTING   (HEADS) 
are  very  well  defined  in  the  Marda  rocks,  large  blocks  of  stone 
being  easily  separated  from  the  massive  greenstones  owing  t(:>  the 
presence  of  two  well-defined  series  of  parting  planes. 

VI.— ECONOMIC  GEOLOGY. 

GOLD. 

Although  the  discovery  of  gold  at  Jackson  was  first  officially 
reported  as  late  as  1894,  this  centre  is  situated  only  40  miles  north 
of  Ennuin,  wliere  Mr.  Harry  Anstey^s  party  in  1887  made  the  first 
sensational  discovery  of  the  precious  metal  in  the  eastern  goldfields 
of  Western  Australia. 

The  official  report  on  Jackson  showed  that  in  October,  1894, 
two  mines  had  started  operations,  and  that  the  Nil  Desperandum 
had  150  tons  of  ore  at  grass  from  a  number  of  reefs  on  which  an 
incline  shaft  of  46  feet  deep  and  60°  underlay,  and  a  vertical  shaft 
72  feet  deep,  had  been  sunk.  These  are  probably  the  original 
workings  of  the  Mt.  Jackson  Gold  Mines,  Ltd.  One  mile  north  of 
the  Nil  Desperandum  the  Victoiia  gold  mine  had  a  main  shaft 
down  70  feet  on  an  easterly  dipping  reef,  besides  three  prospecting 
shafts,  and  had  50  tons  of  ore  at  grass. 

At  the  end  of  1895  an  official  report  stated  that  a  new  centre 
had  been  opened  up  at  Mt.  Jackson,  and  that  a  battery  was  in  the 
coui-se  of  erection.  In  that  year  it  supported  a  population  of  60 
people. 
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Warden  Victor  Black,  in  1896,  reported  that  the  development 
at  Mt.  Jackson  had  heen  remarkable,  and  that  the  population  had 
reached  120  people.  In  that  year  a  new  track  was  cut  from  South- 
em  Cross  to  Jackson. 

A  quiet  year  was  experienced  at  Jackson  in  1897,  though 
croshin^s  were  averagring  over  an  ounce  to  the  ton.  For  reasons 
not  stated  the  work  was  temporarily  suspended  in  1900,  and  ex- 
enaption  granted  the  following  year.  In  1902  the  mines  were  re- 
ported to  be  again  working  vigorously,  and  consistent  returns  were 
obtained  until  1907,  from  when  mining  has  been  almost  extinct. 

A  revival  took  place  in  the  district  in  1910  following  on  the 
discovery  of  payable  reefs  10  miles  east  of  Jackson,  at  Marda,  since 
when,  in  spite  of  poor  crushing  facilities  and  other  difficulties 
attendant  on  its  isolated  position,  Marda  has  supported  a  number 
of  prospecting  parties  who  have  met  with  varying  degrees  of  suc- 
cess.    Some  of  the  shows  now  opened  up  show  great  promise. 

Jackson  and  Marda,  though  both  occurring  in  the  same  belt 
of  grreenstones,  are  essentially  different  in  geological  characteristics. 
In  both  centres  the  ore  deposits  may  be  divided  into — 

(1)  Quartz  reefs, 

(2)  Ferruginous  quartzite  lodes. 

By  far  the  most  important  are  the  quartz  reefs,  on  the  success- 
ful working  of  which  the  future  prosperity  of  the  field  will  depend. 
At  Jackson  the  country  rock  is  almost  universally  composed  of  am- 
phibolite  schist  striking  north-north-west,  and  the  quartz  reefs  ap- 
pear to  follow  definite  trend  lines. 

At  Marda  the  country  rock  consists  of  massive  volcanics  rang- 
ing from  quartz  porph3rries  to  dolerites  and  ultrarbasic  rocks,  whose 
strike  is  almost  east  and  west,  and  in  which  the  reefs  have  no  regu- 
larity in  strike  or  dip. 

JACKSON   CENTRE. 

This  centre  occurs  on  the  western  boundary  of  a  large  green- 
stone belt  extending  from  Diemels  to  Bungalbin.  The  principal 
workings  are  situated  a  mile  to  the  east  of  the  granite  contact. 
Tliere  are  two  principal  series  of  reefs  represented: — 

(1)  Striking  north-west  and  dipping  east. 

(2)  Striking  north  and  dipping  west. 

Both  have  been  worked,  but  the  principal  workings  occur  on 
the  first  class  of  reef.  Besides  these  two  there  is  on  the  Mt.  Jack- 
son Gold  Mine  an  east-and-west  reef  dipping  north,  which  crosses 
the  north-west  and  soutli-east  reefs,  and  is  said  to  have  been  very 
rich.  All  the  reefs  occur  in  amphibolite  schist,  and  are  associated 
with  ferruginous  quartzite,  but  in  what  relation  to  the  latter  cannot 
be  seen  in  any  of  the  workings,  except  that  in  the  Associated  Mine 
the  reef  appears  to  be  deflected  by  the  foolwall  of  the  ferruginous 
auBrtzite,  showing  that  the  reefs  are    younger    than    the    banded 
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quartEiWS  (Jaspers),  whifh,  of  course,  they  must  be  if  the  latter 
are  of  sedimentary  orisio. 

Faulting  on  this  field  is  due  either  to  overthrnstinf:  from  the 
north  or  normal  faulting  to  the  south.  Tliere  is  not  sufficient  evi- 
dence to  show  which.  Hence  westerly  dipping  reefs  are  displaced 
to  the  left  and  easterly  dipping  reefs  and  ferruginous  quartzitcs  to 
the  right.  This  may  be  taken  aa  a  nile  for  tbe  district  in  Joratin^ 
Ihe  displaced  continuation  of  a  reef. 
Fig.   33. 


Me27 

Batrary  Reserve 


As  all  tlie  minc'^  are  picsod  down,  and  only  the  upper  levels 
acceNsible,  only  such  descriptions  can  be  given  as  the  circumstances 
would  jiermit,  and  are  therefore  necessarily  incomplete. 
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Mt.  Jackson  Gold  Mines,  Ltd. — This  company  owned  at 
different  times  G3I.Ls.  212,  217,  233,  397,  4C2,  658,  and  659.  The 
r:rinei])al  workings  are  on  G.L.L.  (212)  2752.  All  the  workings 
below  100ft.  level  were  under  Avater.  Fig.  38  is  a  sketch  plan  of 
the  100ft.  level.  There  are  no  records  of  the  workings  below  100  feet. 

Tbfc  country  rock  is  a  fine-grained  to  medium-grained  am- 
[  hibolite  schist,  with  foliation  planes  striking  north-north-west 
j-arallel  with  the  ferruginous  qiiartzites  and  dipping  60°  east. 
From  tlie  main  cross-cut  on  100ft.  level  three  drives  running  north- 
w«-st  s^hou  roughly  parallel  reefs  dipping  60^-70°  north-east.  About 
jO  feet  north-west  of  the  main  shaft  in  the  main  drive  an  east-and- 
Te>t  reef  dipping  north  cuts  the  north-west  reefs.  This  cross  reef 
lass  been  stoped  to  tlie  surface,  and  is  said  to  be  very  rich. 

The  Battery  on  this  lease  was  taken  over  by  the  Government 
in  1912  and  erushings  put  through  for  the  prospectors  at  Marda 
until  the  Butcher  Bird  mUl  at  Marda  was  subsidised  in  1914. 

The  following  are  the  gold  returns  of  this  mine  taken  from  the 
ftati>iios  of  the  Mines  Department: — 


Table  showing  the  Yield  of  the  Mt,  Jackson  G,M, 


Year. 


Prior  to  1897 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1906 
1907 
1908 
1909 


• 

Ore    treated. 

Gold 
therefrom 

Silver. 

tons. 

fine    ozs. 

fine    toz8. 

■    •                         •   • 

1,51400 

720-06 

fl    •                         •    • 

361-00 

286-62 

•  •             •  • 

1,265-00 

716-66 

•    •                      •   ' 

4,252-00 

2,963*83 

•   •                      •   • 

2,15600 

1,219-42 

•    «                         ■   • 

■  • 

♦10- 17 

•  •                     •  • 

•  •                     •  • 

•  • 

•  • 

t  449-86 

•    «                        •   • 

7,844- 00 

5,723-95 

998  00 

•    •                       •   • 

5,390- 00 

3,329-09 

997-50 

•    p                       •  • 

1,820-00 

597-27 

60-00 

•    •                       •  • 

1,»92  00 

1,045-99 

•  • 

•   •                    •  • 

2,514  00 

2,261-26 

269-78 

•    •                      •  • 

10000 

31-53 

•  • 

■   •                      •  • 

15000 

88-02 

•  • 

Total     . . 

29^700 

19,488  68 

2,805*28 

'From  plates. 


t  By  cjanidin?. 


Asf^ociATED  Mt.  Jacksox  Gold  Mikes,  Ltd.,  G.M.Ls.  246,  450, 
151.  459  and  460. — The  principal  workings  are  on  G.M.L. -461,  but 
onlv  the  100ft.  level  was  accessible  for  examination.  Fig.  39  shows 
a  ^etch  plan  of  the  100  feet  level.  The  country  rock  is  a  deconi- 
iK>sed  amplii^o^^^  schist  striking  340deg.  and  dipping  to  the  east. 
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On  the  hanging  wall  of  the  eastern  workings  a  banded  quartzite 
strikes  parallel  to  the  schists  and  also  dips  east  forming  a  barrier 
to    the   quartz   reefs  which,  as  soon  as   they  meet   the    quartzites, 

Fig.  39. 


G.M.L.45I. 


Sketch  plan  of  100ft.  level,  Associated  Mount  Jackson 
Gold  Mines,  Ltd.,   a.M.L.  451. 


are  diverted  and  follow  tlie  foot  wall  of  the  latter.  The  quartzites 
are  here  non-ferruginous  but  very  evenly  banded.  Two  parallel 
reefs  have  been  driven  on,  on  a  bearing  of  300deg.  or  roughly  N.W. 
The  main  cross-cut  has  been  run  out  for  170  feet  beyond  the  west 
reef  without  showing  any  development  of  importance  except  a  6in. 
quartz  reef  dipping  30deg.  to  the  S.W. 

The  main  reefs  are  steeply  inclined  at  SOdeg.  to  the  N.E. 
North  of  the  main  shaft  minor  faults  are  very  common,  giving  dis- 
placements up  to  three  feet.    They  are  all  right-handed  faults. 

A  dismantled  10-head  battery  is  on  the  mine,  and  no  work  has 
been  done  for  years. 

On  G.M.L.  24 G  and  450,  known  as  the  Golden  Lady  Hay  and 
the  Alpha  respectively,  there  is  a  lar?:e  reef  striking  north  and  dip- 
ping to  the  west  between  oOdeg.  and  GOdeg.  This  is  faulted  in  places 
with  a  total  displacement  up  to  57  feet,  but  to  the  left  hand,  which 
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^  M  be  accounted  for  by  the  opposite  character  of  the  dip  to  other 
:-:>  in  the  district.  The  reef  abuts  against  banded  quartzites  dip- 
,.^  E.,  bnt  in  what  relation  is  not  shown  in  the  workings. 

A  namber  of  shafts  have  been  put  down  on  the  Lady  Hay  line 
:'  reef,  and  the  workings,  though  inaccessible,  have  not  been  carried 
'■  any  depth.  Judging  by  the  Mines  Department  statistics  the 
'rk  on  this  company's  properties  has  not  proved  satisfactory. 

The  following  are  returns  supplied  from  Mines  Department's 


j'.isties:— 

Table  showing  the 

YieU. 

Year. 

Tonnage. 

Gold  in  fine  ozs. 

1900 

76.00 

m     » 

73.95 

1902 

725.50 

m    • 

150.76 

801-50 

224*71 

Victoria  Reef  Mine,  G.M.L.  2564. — On  this  lease  there  is  a 
I'sQiantled  .5-head  battery.  The  workings  are  in  a  state  of  collapse 
ill  could  not  be  inspected. 

The  mine  is  in  a  direct  line  of  strike  with  the  reefs  of  the  Mt. 
^i^4:9<iQ  Qold  Mines,  Ltd.,  and  is  probably  a  continuation  of  the 
••:3f  kind  of  reef.  Not  much  ore  has  been  crushed  from  this  mine, 
.*  is  .«hown  by  a  yield  of  only  5.14ozs.  from  27  tons  of  ore  in  1912. 

Mt.   Jackson    Wonder   Mine,    G.M.L.    2397. — This    mine   is 

^:.ated  about  two  miles  south  of  Jackson  townsite  and  was  aban- 

■ned  at  the  time  of  my  visit.    It  was  described  as  follows  by  Mr. 

H.  P.  Woodward  after  a  tour  of  inspection    of    the    district    in 

A  fonnation  30  feet  in  width  eontalning  small  veins  of  quartz 
^  been  developed  by  means  of  a  40ft.  shaft,  with  a  drive  20ft.  north 
ivi  27ft.  south,  and  erosseutting  35ft.  east  with  a  drive  10ft.  north 
»  the  end  of  it.  This  formation  has  a  general  strike  of  north  and 
*^  th.  with  perhaps  a  slight  dip  to  the  east,  but  upon  this  point  it  is 
^^  iTeaent  impossible  to  make  a  definite  statement. 

A  niunber  of  pits  have  been  sunk  upon  rich  quartz  leaders,  which 
3*^  csiulIIv  ferruginous  although  occasionally  quite  white.     Upon  one 
'  tbcae  a  small  shaft  has  been  sunk  to  a  depth  of  15  feet,  from  which 
-s^  very  rich  stone  was  raised. 

The  gold  is  mainly  carried  in  the  small  irregular  leaders,  but  the 
•^nsation  is  said   also  to  yield    appreciable    quantities    upon    assay, 
"i'^ngh  it  is  impossible  for  me  to  make  a  definite  statement  on  this 
•  St  without  systematic  sampling. 

The  mine  gave  a  return  of  44.27ozs.  from  120  tons  of  ore  in 


Athlon E  Mine^  five  miles  north  of  Jackson.     There  are  some 
^•rkingB  which  are  now  flooded  and  known  as  the  Athlone. 
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These  workings  and  those  on  tlie  General  Roberts  were  also 
visited  by  Mr.  Woodward  in  1911,  when  he  reported  as  follows: — 

To  the  northward  of  the  old  mines  a  new  discoverj  has  been  made 
at  a  distance  of  five  miles,  known  as  the  Athlone,  from  the  name  given 
to  the  first  lease  pegged,  upon  which  a  reef  striking  N.N.E.  and  S.S.W. 
with  an  almost  vertical  dip  has  been  sunk  upon  to  a  depth  of  30  feet, 
but  since  a  heavy  body  of  salt  water  was  encountered  at  a  depth  of  25 
feet  it  was  driven  on  at  this  depth. 

In  this  level,  to  the  northward  of  the  shaft,  the  reef  forms  into  a 
solid  body  of  quartz  for  a  distance  of  10  feet,  when  it  pinches  clean 
out.     Its  largest  dimensions  in  this  distance  is  2ft.  6in. 

In  the  south  level  a  broken  mass  of  stone  about  two  feet  in  width 
was  met  with  for  a  distance  of  20  feet,  at  which  point  it  is  cut  clean 
oflf  by  a  solid  quartz  reef  which  only  carries  values  at  its  point  of  con- 
tact with  the  auriferous  body. 

This  reef  did  not  outcrop  and  was  not  encountered  until  eight  feet 
had  been  sunk;  it  was  generally  small  and  much  broken  in  the  shaft, 
but  forms  into  a  solid  body  at  the  shaft  bottom.  Judging  from  appear- 
ance it  is  of  a  pipe-like  form  with  a  pitch  to  the  northward,  the  length 
of  the  shoot  being.  30  feet,  and  its  average  width  about  two  feet.  There 
is  every  possibility  of  this  shoot  lengthening  with  depth,  whilst  so  far 
the  size  promises  to  increase. 

The  stone  is  of  a  banded  cherty  character  showing  a  considerable 
quantity  of  gold,  whilst  it  yields  an  excellent  prospect  of  fine  gold 
when  apparently  barren  stone  is  dollied.  There  is  a  small  quartz  vein 
which  contains  a  considerable  quantity  of  hornblende  and  prospects 
well  exposed  in  a  trench  to  the  east  of  the  shaft,  but  no  traces  of  this 
were  met  with  in  the  workings. 

About  30  feet  west  a  parallel  reef  about  nine  inches  In  width  with 
a  westerly  dip  has  been  sunk  upon  to  a  depth  of  30  feet  by  means  of  a 
shaft,  in  which  the  volume  of  water  was  considerably  less  than  in  the 
other. 

Still  further  is  another  reef  upon  which  the  original  discovery  was 
made.  This  outcrops  for  a  length  of  40  feet,  and  has  been  sunk  upon 
to  a  depth  of  25  feet. 

The  stone  Is  about  three  feet  in  the  widest  part,  and  is  more  iron- 
stained  and  sugary  in  character  than  the  eastern  reefs,  but  is  not  so 
rich. 

The  water  is  extremely  salt,  the  yield  from  the  first  shaft  being 
6,000  gallons  per  day  and  the  second  1,200  gallons. 

The  General  Roberts  is  north  of  the  Athlone,  and  upon  it  a  shaft 
has  been  sunk  to  a  depth  of  20  feet  upon  a  small  vein  of  stone  which 
is  exposed  in  a  series  of  trenches  for  a  distance  of  five  chains.  Upon 
the  other  leases  of  this  group  no  work  has  been  done. 

The  returns  for  the  Athlone  mine  in  the  mining  statistics  are  as 
follows : — 

Tonnage.     Gold  there- 
from, fine  ozs. 

1911— Athlone  Reward  Leases  2284,  22S5        5.00  22.20 

1912-Athlone  Reward  Leases  2284,  2285    100.00  82.61 


105- GO  104-81 


The  average  is  loz.  per  ton. 
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There  do  not  appear  to  be  any  lode  formations  associated  with 
iU  femigrinoiis  qaartzites  at  Jaekson,  probably  owin^  to  the  paral- 
\t^m  of  their  strike  with  the  foliation  of  the  schists. 

MARDA. 
This  centre  is  situated  10  miles  due  east  of  Jackson  townsite, 
sad  towards  the  centre  of  the  greenstone  belt.  The  geological  fea- 
!cre5  are  essentially  different  to  those  at  Jackson,  the  chief  differ- 
ence being  in  the  E.  and  W.  strike  of  the  rocks  and  the  absence  of 
*^l3i<tosity  at  Marda.  The  rocks  are  composed  of  a  series  of  tilted 
m  metamorphosed  acid  and  basic  lava  flows.  The  ore  deposits  are 
^mSned  to  these,  none  being  so  far  found  in  the  sedimentary  series 
:3At  caps  them  at  various  places. 

Quartz  Reefs. 
The  quartz  reefs  are  irregularly  distributed  in  both  the  acid 
and  basic  recks  of  the  series  and  strike  and  dip  in  almost  any  direc- 
tion.  There  are,  however,  three  directions  in  which  they  occur  most 
eommonly,  viz.: — 

(1)  Xorth-west  and  south-east,  dipping  to  the  north-east. 

(2)  North-east  and  south-west,  dipping  to  the  north-west. 

(3)  North  and  south,  dipping  to  the  west. 

These  probably  represent  three  directions  of  Assuring  in  a  mas- 
>-ve  rock  due  to  strain  induced  by  great  earth  movements.  It  wiH 
^  notiecd  that  two  of  these  directions  correspond  with  those  at 
Jackson.  At  Marda.  however,  the  reefs  are  not  so  regularly  dis- 
tributed nor  so  persistent  in  outcrop. 

This  field  is  different  from  any  other  goldfield  owing  to  tlie 
iirefular  trend  of  the  reefs,  an  irregularity  due  to  the  rocks  being 
massive  and  not  fissured  and  sheared  in  the  usual  north-north- 
westerly direction.  The  reason  for  this  is  obviously  because  the 
s*ries  strike  almost  east  and  west,  namely,  at  right  angles  to  tbe 
^^i  lateral  pressures  to  which  they  have  been  subjected  in  com- 
33on  with  all  the  rocks  of  the  eastern  goldfields. 

Tbe  result  is  contorted  quartzites  and  irregularly  fissured  rocks, 
*ith  an  absence  of  schistose  structure  and  regular  shear  zones; 
^c«  the  irregular  form  and  distribution  of  the  quartz  reefs.  The 
2^id  occurs  in  the  reefs  as  short  rich  shoots,  generally  at  the  inter- 
^lon  of  another  reef,  or  alongside  a  brecciated  pipe  or  zone  in 
>  ore  channel.  In  most  cases  the  reefs  are  short  and  lens  shaped. 
«w  some  difficulty  is  entailed  in  locating  fresh  chutes  of  gold,  some- 
^es  necessitating  a  great  amount  of  dead  work  which  eats  up  the 
profit  earned  from  the  last  chute. 

The  principal  mines  are:— 
Allen's  Find. 
The  Great  Unknown. 
The  Butcher  Bird. 
The  Standard. 
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Allen's  Find  Mine,  G.M.L.  1979. — Since  writing  the  prelim- 
inary report  which  appeared  in  the  Annual  Report  for  1914,  it  lia^ 
been  undoubtedly  proved  on  further  careful  examination  of  speci- 
mens that  Allen's  Find  occurs  in  a  decomposed  acid  igneous  rock, 
probably  a  quartz  porphjTy  belonging  to  the  volcanic  series. 

The  country  rock  on  this  mine  is  very  decomposed  and  in  hand 
specimens  is  a  soft  greenish  white  rock  composed  of  kaolin  and 
quartz  and  traversed  by  veinlets  of  quartz.  The  main  reef  strikes 
a  little  west  of  north  and  dips  to  the  east  at  28°. 


Fig.  40. 


6.M.L.  1079 


Sketch  plan  and  cross  section,  Allen's  Find, 

a.M.L.  1979. 


An  inclined  shaft  has  been  sunk  on  tlie  reef  to  240  or  to  a  ver- 
tical depth  of  113  feet.  At  a  depth  74  feet  on  the  incline  (33  feet 
vertical),  levels  are  driven  north  and  south  on  the  reef  for  65  feet 
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and  55  feet  respectively.  At  116  feet  on  tbe  incline  (56  feet  ver- 
tical), a  level  has  been  driven  south  for  50  feet,  and  at  174  feet 
incline  (82  feet  vertical),  a  level  south  for  80  feet,  with  a  drive  off  it 
at  35  feet  from  the  shaft  on  a  cross  reef  for  100  feet.  The  main 
reef  varies  in  width  from  two  to  five  feet  and  is  a  unifonn  body  of 
stone.  The  cross  reef  that  cuts  it  at  the  lowest  level  is  also  a  well 
fonned  reef  of  from  two  to  three  feet  in  width,  but  has  a  shallow 
dip  of  only  20°  to  the  north-east.  There  is  another  paralM  cross 
reef  cutting:  the  main  reef  at  the  first  level.  The  main  reef  has  been 
sloped  to  the  north  of  the  shaft  from  the  surface  to  the  first  level, 
and  to  the  south  of  the  shaft  from  the  first  level  to  the  bottom  level. 
The  gold  appears  to  occur  at  the  intersections  of  the  main  reef  and 
crof^s  reefs.  There  should,  therefore,  be  about  200  feet  of  backs 
along  the  intersection  from  the  bottom  level.  The  calculated  in- 
tersection of  the  two  reefs  pitches  to  the  north-east,  and  should  cut 
the  ontcrop  of  the  main  reef  on  the  surface  at  about  160  feet  south 
of  the  mouth  of  the  shaft.  There  is  a  dark  seam  of  pug,  a  fraction 
of  an  inch  thick,  which  can  be  seen  following  the  footwall  of  the 
reef  in  the  shaft.  At  the  bottom  of  the  shaft  there  is  a  big  body 
of  stone  completely  filling  the  face,  and  probably  the  continuation 
of  the  junction  which  occurs  in  the  bottom  level.  At  the  junction 
of  the  main  reef  and  the  cross  reef  the  quartz  is  brecciated  and 
cemented  by  opaque  to  black  quartz,  caused  by  either  a  ferruginous 
or  manganous  staining. 

This  brecciation  seems  to  be  a  characteristic  of  the  intersection, 
but  not  sufficient  stone  was  exposed  to  show  which  reef  cut  the 
other.     The  following  is  a  plan  and  section  of  the  mine  workings : — 

Statistics  from  the  Mines  Department's  reports  give  the  fol- 
lowing gold  yields: — 


Year. 

1 

Tonnage. 

Gold  therefrom.  1 

1912  .. 

1913  .. 

1914  .. 

1915  .. 

1916  ,. 

Totel 

139-30 
199-25 
300- 00 
553*50 
31900 

Fine    ozs.  "^  '  "1 
106-23 
213-76 
174-87 
223-81 
59- 15 

1,511  05 

777-82 

The  first  two  years  give  an  average  of  19  dwts.  per  ton.  In 
1914  the  average  has  fallen  considerably  below  that  figure,  but 
should  be  high  enough  to  pay  expenses.  At  the  intersection  of  the 
two  reefs  there  is  a  big  body  of  stone.  This  mine  shows  great 
promise,  with  a  chance  of  enrichment  as  the  sulphide  zone  is  ap- 
proached.    T  should  recommend  sinking  a  vertical  shaft  to  the  east 
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so  as  to  cut  the  reef  at  about  200  to  250  feet  vertical  depth.    This 
would  test  the  reef  at  the  least  cost  and  ensure  economical  working'. 

The  Great  Unknown  Mine,  G.M.L.  2063. — This  mine  is  sit- 
uated iy2  miles  north-west  of  the  Mafda  Tank  and  one  mile  a  little 
east  of  south  of  Allen's  Find.   Two  shafts  have  been  sunk  on  a  reef 


Fig.  41. 
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Sketcb  plan  and  longitudinal  section  of  Oreat 
Unknown  Gh>ld  Mine,  O.M.L.  2053. 


striking  300°.  No.  1  or  east  shaft  is  sunk  on  an  inclination  of  80** 
to  the  east.  No.  2  or  west  shaft  has  been  sunk  through  the  reef  to 
a  depth  of  98  feet,  from  which  level  a  winze  is  sunk  on  the  reef  to 
141  feet. 

There  are  levels  at  57  feet,  81  feet,  and  141  feet,  and  the  great- 
est length  of  reef  driven  on  is  225  feet  on  the  57  feet  level,  and  170 
feet  on  the  141  feet  level.  The  greatest  depth  attained  is  155  feet 
in  a  winze  sunk  on  the  eastern  edge  of  a  pipe  of  breccia.  Fig. 
41  is  a  Plan,  Cross  and  Longitudinal  section  of  this  mine. 

The  country  rock  in  the  Great  Unknown  mine  is  a  totally  dif- 
ferent rock  to  that  on  Allen's  Find,  though  belonging  to  the  same 
series.  It  is  a  carbonated  ultra-basic  igneous  rock,  and  its  chemical 
composition  corresponds  with  a  carbonated  peridotite.  The  ore 
body  is  a  quartz  reef  in  a  chloritic  shear  zone  of  about  four  feet 
wide  in  the  carbonated  country  rock. 
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Unlike  Allen's  Reef  it  is  practically  vertical  with  an  underlay 
•  f  80**  to  the  east.  The  reef  varies  from  six  inches  to  three  feet  and 
irerages  about  18  inches.  It  takes  an  irregular  course  in  the  shear 
7one  and  is  grenerally  near  the  centre  though  in  places  follows  either 
wall  of  the  shear  zone.  In  the  country  rock  there  is  a  band  of 
qaartzite,  similar  to  the  banded  ferruginous  quartzites  in  the  neigh- 
boorhood  and  parallel  to  them.  This  quartzite  strikes  almost  east 
and  west,  and  is  cut  by  the  reef  which  strikes  300°  at  a  very  acute 
angle.  The  shear  zone  has  sheared  the  quartzite  into  a  breccia 
which  has  formed  an  obstruction  in  the  ore  channel,  causing  the  reef 
to  bifurcate  and  envelope  the  breccia  connecting  on  the  other  side 
forming  a  solid  reef  again  in  the  shear  zone.  The  contact  line  of 
tiie  reef  and  qaartzite  (jasper)  is  vertical,  and  therefore  the  horse 
of  breccia  forms  a  vertical  pipe  enclosed  in  the  quartz  reef.  In 
the  neighbourhood  of  either  side  of  this  breccia  there  is,  according 
to  the  owners,  an  enrichment  of  gold. 

The  ore  shoots  are  also  vertical  and  therefore  parallel  to  the 
pipe  of  breccia.  There  are  three  ore  shoots  according  to  information 
obtained  from  the  prospectors  of  the  mine.  One  on  either  side  of 
the  pipe  of  breccia,  and  one  at  the  eastern  end  of  the  workings 
which  as  far  as  could  be  seen  was  unconnected  with  any  structural 
feature.  The  quartz  is  heavily  mineralised  and  frequently  shows 
coarse  gold.  The  returns  from  this  mine  give  the  stone  a  high 
average  value,  though  probably  the  richest  portions  only  of  the  reef 
have  so  far  been  treated.  There  is  a  large  quantity  of  stone  at  grass 
which  is  expected  to  crush  an  ounce  to  the  ton.  The  statistics  are 
as  follows: — 


Year. 


1911 


1W2  .. 

1913  .. 

1914  .. 
I»I5  .. 
1916  .. 


Total 


Tonnage. 


37-88 

41105 
30600 
12300 
180-50 
167  00 


Gold  therefrom. 


1,225  48 


Average  2'86ozs.  per  ton. 


Fine    ozs. 

267  09 

Dollied   37-22 

l,.374-63 

1.094-05 

393  -  36 

199-81 

140-98 

3^7  14 


BuTCHKB  Bird  Mine,  G.M.L.  1933  (Atkinson's),  is  situated 
2^i  miles  slightly  east  of  north  of  the  Marda  Tank.  The  reef  lias 
a  general  strike  of  65**  and  dips  30^  to  the  north-north-west.  An 
indine  shaft  has  been  sunk  on  the  reef  for  150  feet,  passing  into 
the  footwall  near  the  bottom  which  has  a  vertical  depth  of  75  feet. 
At  88  feet  on  the  incline  there  is  another  level.     Down  to  40  feet 
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there  is  an  irregular  network  of  workings.  About  60  feet  east  of 
tlie  main  shaft  on  the  75  feet  level  there  is  a  winze  sunk  on  a  fault 
plane  dipping  40°  east  to  a  depth  of  90  feet.  The  water  level  is 
63  feet  below  the  75  feet  level,  making  a  total  vertical  depth  of 


Fig.  42. 
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Sketch  plan  and  cross  section,  Butcher  Bird 
No.  1  Gk>ld  Mine,  a.M.L.   1933. 


138  feet  below  the  surface.  At  the  time  of  my  visit  there  was  not 
suflicient  water  to  work  the  mill,  but  an  adequate  supply  should 
be  assured  by  further  sinking.  The  mill  has  since  been  supplied 
with  water  by  a  pipe-line  from  the  Marda  dam. 

In  the  west  end  of  the  drive,  in  the  75  feet  level,  the  reef  is 
still  big  and  strong,  but  is  said  to  be  poor  in  value.  In  the  east  end 
the  fault  plane  on  which  the  winze  is  sunk  cuts  the  reef  off,  though 
not  altogether,  as  the  fissure  line  corresponding  with  the  reef  can 
be  seen  east  of  the  fault  line  (Fig.  42). 

The  country  rock  on  this  mine  is  a  decomposed  dolerite  and  is 
intermediate  in  composition  between  the  more  acid  rock  on  Allen's 
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::  &nd  the  more  basic  on  the  Great  Unknown.  The  reef  also 
>>  from  both  the  above  mines,  being  less  regular  in  trend, 
- .  Tiiug  a  wavy  course.    The  wave  or  roll  in  the  reef  determines 

'  sition  of  the  ore  shoot  which  seems  to  follow  the  pitch  of  the 

-TL  fold  of  the  wave.     The  reef  ranges  in  width  from  1  foot  to 

>^.   Jnst  overhead  on  the  75  feet  level,  near  the  winze,  and  on 

:  «cttwall  of  the  reef,  there  is  a  patch  of  arsenates  of  iron,  in- 

na:  seorodite  and  pharmacosiderite.  The  former  is  a  pale 
^n  granular  mineral  and  the  latter  occurs  as  bright  emerald 
•^  eubie  crystals.  Associated  with  these  is  arsenical  pyrites  and 
^.'f^,  and  the  green  minerals  have  no  doubt  been  formed  by  the 
's:ioa  of  the  arsenical  p3rrites.     Gold  is  freely  distributed  in 

the  mineral  and   the  quartz. 

A  specimen   from    this   occurrence  is  fully  described  by  Mr. 

^n  bdow  (pp.  181-183). 

OrJd  mining   statistics    show   the   following  yield   from     this 


--*: 


Year. 


Tonnage. 


Gold  therefrom. 


Fine    oz9. 

266-70 

16001 

5007 


476  78 


Average — 17dwt8.  per  ton. 

Tbe  following  notes  on  the  minerals  in  the  gold  ore  from  the 
'■.fT  Bird  Mine  have  been  supplied  by  Mr.  E.  S.  Simpson,  the 
>raIogist  and  Chemist: — 


:  MINER AL.S    IN    GOLD    ORE    FROM    THE    BUTCHER 

BIRD   G.M.,  MARDA. 

Bv  E.  S-  Simpson,  Mineralogist  and  Chemist. 

"An  examination  of  the  specimens  of  gold  ore  collected  by  Mr. 
"on  at  the  Butcher  Bird  G.M.,  Marda,  reveals  the  presence  of 
^oierds,  viz.,  in  relative  order  of  frequency: — 
Qiiartz,    Seorodite,    Pharmacosiderite,    Arsenopyrite,    Pyrite, 
and  Gold. 
^(iwartz. — ^Milky  white  quartz  forms  the  main  gangue. 
"^corodiies — ^Hydrated    arsenate    of    iron,    Yefi^.K^O^+^Hfi. 
-'  quartz,  this  is  the  commonest  mineral  present.    It  forms  large 
*aiall  irregularly  shaped  masses,  not  visibly  crystallised,  but  in- 
"edy  granular   in  structure.     It  is  pale  grey-green  in  colour. 
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Like  pharmacosiderite  it  is  composed  of  ferric  oidde^  arsenic  oxide; 
and  water^  but  its  individuality  is  established  by  its  much  higher 
specific  gravity,  in  this  case  3.26,  and  by  its  proving  to  be  aniso- 
tropic between  crossed  nicols. 

"Scorodite  has  previously  been  observed  in  this  State  at  Federal 
Downs  (Kimberley)  in  tin  ore,  with  cassiterite  and  quartz;  and  at 
Warriedar  (Murchison)  in  gold  ore  at  the  Porcupine  G.M.,  with 
jasper,  arsenopyrite,  and  a  copper  arsenate  (erinitel). 

"Scorodite  is  somewhat  widely  distributed  in  Australia,  liaving 
been  recorded  from  numerous  mines  in  Queensland,  Victoria,  North- 
em  Territory,  and  Tasmania,  and  from  tw^o  localities  in  New  South 
Wales. 

"Pharmacosiderite  (hydrated  basic  arsenate  of  iron,w4th  potash 
(f),  formula  uncertain,  perhaps  "FeAs0,.Fe[0(H,K)],.5H,O").* 
This  is  the  most  striking  constituent  of  the  ore,  occurring  in  well 
formed  crystals  of  a  rich  green  colour,  ranging  in  size  from  1mm. 
to  4mm.  The  crystals  are  developed  either  as  a  partial  filling  of 
cavities  in  quartz,  which  were  once  filled  with  arsenopyrite,  or 
embedded  singly  or  in  groups  in  the  centre  of  masses  of  scorodite. 
The  common  form  is  the  simple  cube  of  the  isometric  system,  but 
occasional  crystals  are  seen  in  which  half  the  comers  of  the  cube 
are  truncated  by  the  faces  of  the  tetrahedron,  or  by  oscillatory  com- 
bination of  the  cube  and  tetrahedron.  Interpenetration  twins  re- 
sembling those  of  fluorite  are  fairly  common. 

"The  specific  gravity  of  small  crystals  was  proved  to  be  2.S5. 
This  figure,  as  also  that  for  the  scorodite,  was  obtained  by  inter- 
polation in  the  following  series,  using  methylene  iodide  as  the  sus- 
pending fluid: — 

Olivine,  Navajo  Reserve,  U.S.A.  . .         . .     3.32 

Sj)odumene,  Ravensthorpe,  W.^i. 
Rubellite,   Elba,   It. 
Aragonite,  Melbourne,  Vic. 
CaJcite,   Coolgardie,   W.A. 

^^Pharmacosiderite  is  a  somewhat  rare  mineral,  and  there  is 
no  record  of  any  other  locality  for  it  in  this  State.  It  is,  however, 
reported  to  occur  in  several  localities  in  Victoria,  as  well  as  two  iu 
New  South  Wales,  and  two  in  Tasmania. 

"Arsenopyrite. — This  is  abundant  in  one  of  the  two  specimens 
collected  by  Mr.  Ilonman,  and  is  present  in  small  amounts  in  the 
second.  It  is  plainly  the  mineral  from  which  both  the  arsenates 
have  been  derived. 

"Pyrite. — A  few  small  crystals  (cubes  and  pyritohedrons)  of 
this  mineral  occur  in  the  solid  quartz,  where  weathering  agencies 
have  not  been  able  to  reach  them. 

"Gold. — Free  gold  in  fine  to  moderately  coarse  particles  is 
freely  distributed  through  the  ore.     It  is  seen  attached  to  the  sides 


3.14 
3.01 
2.03 
2.71 


•  B.  O.  J.  Hartley,  Blin.  Mag.  XII.,  167. 
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..ides  from  which  arsenopyrite  has  weathered  out,  as  well  as  em- 
'  A  in  imweathercd  arsenopyrite  and  in  quartz  and  covering 
. 'irv  faces. 

"OrcHrrence. — ^Ir.  Honman  informs  me  that  the  specimens 
-'^  taken  from  a  small  patch  of  similar  material  occurring  on 

:<'>twall  side  of  the  reef  at  a  depth  of  75  feet. 

"Parageuesis. — A  study  of  the  ore  and    its    occurrence   points 

'If-  [)rimary  minerals  being  quartz,  with  a  minor  amount  of 
-L«»}»>Tite  in  irregular  masses  and  bunches  of  various  sizes  em- 
-H^  in  it.  The  greater  part  of  the  gold,  too,  I  am  inclined  to 
'.sler  as  primary,   having  originally  been  embedded  either     in 

"z  or  in  arsenopyrite.    In  the  latter  case  it  now  mostly  appears 

-r  embedded  in  scorodite  or  attached  to  the  walls  of  empty  or 
-r'idlly  filled  cavities  left  by  the  solution  of  arsenopyrite. 

*'Tbe  eo-existenee  of  two  different  arsenates  of  ferric  iron  is  in- 
-•'-T:n?.  and  a  study  of  it  is  likely  to  shed  light  upon  tho  general 

-'ion  of  the  weathering  of  sulphide  ores. 

-Trie  mineral  pharmacosiderite  which  appears  so  freely  in  the 
^  •  imens  is  of  unusual  interest  in  view  of  the  complete  uncertainty 
"jarding  its  exact  chemical  composition.     Only  two  analyses  hav« 

r  \i^n  made  of  it,  \'iz.,  one  in  Sweden  in  1824,  one  in  England  in 
^"*.    There  are  serious  and  inexplicable  differences  between  these, 

-  txo  formnlae  deduced  from  them  being 

4Fo,0,.3As,0,.15H,0  (BerzeHus),  and 
2FeAsO,.FeO,(H.K),.5H,0     (Hartley) . 

"In  view  of  these  facts  I  would  urge  that  every  effort  be  made 
*'  ><^iire  for  detailed  examinations  some  further  specimens  from 
'"'Ja.  particularly  of  material  containing  well  defined  crystals.'* 

Standard  JTine,  G.M.L.  2548. — Garrett  and  party  and  subse- 
*v\\  Saunders  &  Don: 

This  mine  is  situated  one  mile  a  little  south  of  east  of  the 
'^Ma  tank. 

The  workings  of  this  mine  are  such  a  ramification  of  shafts, 

'  "s.  <TDss-euts,  and  stopes  that  an  intelligible  pen  description  is 

A^*-  extremely  difficult.     This  is  owing  to  the  irregular  course  of 

"  reefs,  there  being  apparently  a  number  of  wavy  reefs  that  cross 

»'•'  twist  in  a  m«?t  remarkable  manner.    Eleven  prospecting  shafts 

*  f  been  put  down  within  an  area  of  one- third  of  an  acre. 

The  main  shaft  is  sunk  vertically  for  18  feet,  and  then  on  the 
••.n*»  at  60^  to  45  feet  on  a  reef  dipping  60°  south  to  the  east  of 

-  viaft  and  45"*  south-west  to  the  west  of  the  shaft.  North  of  the 
i-ti  shaft  the  cap  of  dome-shaped  reef  comes  within  a  few  feet  of 
''  '^urfaoe.    This  reef  dips  away  in  all  directions  and  cuts  the  reef 

'  the  main  shaft  at  18  feet. 

There  is  a  north  and  south  reef  dipping  20°  west,  which  is  poor 
•'"•  '•«loe,  and  other  narrow  reefs  are  cut  in  the  shafts  dipping  in  all 
Mrwlions.    The  deepest  workings  are  not  more  than  60  feet. 
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The  country  rock  is  decomposed  dolerite  and  very  similar  to  tl 
Butcher  Bird  rock.  The  reefs  vary  from  a  few  inches  up  to  two  • 
three  feet  wide,  and  often  tail  out  to  thin  veins ;  judging  by  the  pos 
tions  of  the  stopes  the  ore  appears  to  come  from  the  dome  portic 


Fig.  43. 


Sketch  plan  and  cross  section, 
Standard  Gold  Mine. 


of  the  reef,  at  curved  portions  and  close  to  intersections  of  two  reefs. 
Fig.  43  shows  sketch  plan  and  section  of  the  mine.  Some  rich 
crushings  have  come  out  of  this  mine,  as  the  following  statistics 

testify : — 


Year. 

Tonnage. 

G'^ld  therefrom. 

1912  ... 

1913  ... 

•••                   •»•                   ••■                   ■•• 

■•«                   ■■•                   •>•                   ■•• 

67-00 
182-00 

fine  078. 

355-13 

522-56 

249- 00 

877-69 

Average — 3-5  ozs.  per  ton. 
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Tei  IfiNEB's  Dream  Mine,  G.M.L.  2190. 

.Vcother  mine  which  has  been  developed  systematically  but  so 
fi*  rith  poor  results  is  the  Miner's  Dream.     This  is  an  anticlinal 


Fig.  44. 


Sketch  plan  and  cross  section, 
Miner's  Dream  Gold  Mine. 
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reef  pitching  to  the  west  at  45°.  A  main  shaft  has  been  stink  to 
170  feet  on  the  incline  of  45°  or  V.D.  120  feet.  There  is  a  level 
at  80  feet  on  the  incline  which  has  been  driven  on  for  100  feet  nortli 
and  50  feet  south.  The  ore  shoot  pitches  to  the  north,  on  the  north- 
ern leg  of  the  antidine,  but  has  so  far  not  proved  payable. 

The  country  rock  is  decomposed,  kaolinised  and  white.  Nenr 
the  bottom  of  the  shaft  the  country  is  sheared.  The  reef  is  a  solid 
body  of  quartz  varying  from  12  inches  to  two  or  three  feet  in  width. 
Crushings  taken  out  gave  the  following  results: — 


Year. 

1912, 

1914  i 

1915  • 


Tonnage. 

Yield,  fine  ozs 

45.00 

10.42 

31.00 

19.11 

349.00 

93.81 

Total      ..  425.00  ..  129.34 


Average,  6dwts.  to  the  ton. 

The  continuation  of  this  line  of  reef  can  be  followed  on  the 
surface  for  some  distance  to  the  northwards.  The  manager,  Mr. 
Gilbert,  intended  sinking  on  the  shoot  of  gold,  and  it  is  to  be  hoped 
he  will  have  better  luck,  as  it  is  not  unlikely,  owing  to  the  decom- 
posed nature  of  the  ground  at  the  bottom  of  the  shaft,  that  th? 
values  will  improve  at  depth.  Fig.  44  is  a  sketch  plan  and  section 
of  the  mine. 

There  are  manv  other  shows  which  are  in  the  earlv  stages  of 
prospecting,  some  which  have  been  abandoned,  but  from  which,  ac- 
cording to  report,  some  rich  patches  of  ore  have  been  obtained.  Most 
of  the  reefs  are  highly  mineralised  and  of  very  promising  appear- 
ance, but  many  are  small  and  short. 

The  Unknown  South,  G.M.L.  2594,  is  a  lease  which,  from  a 
geological  point  of  view,  has  possibilities.  At  the  south  end  of 
the  lease  a  prospecting  shaft  is  sunk  on  a  reef  which  is  exactly 
similar  to  the  Great  Unknown  reef,  carrying  the  same  mineral  and 
show^ing  free  gold.  It  is  on  the  continuation  of  the  line  of  strike 
of  the  Unknown  reef,  and  though  in  unsettled  country,  ay  pears  to 
occur  in  a  shear  zone  and  possibly  the  same  as  the  Great  Unknown. 
The  reef  is  certainly  in  the  same  ore  channel  with  the  same  dip  and 
strike,  and  I  am  informed  that  good  prospects  can  be  obtained  from 
floaters  between  this  shaft  and  the  Great  Unknown  mine. 
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The    following    sundry    returns    have    been    recorded     from 


Year. 

Name  of  Lease. 

Tonnage. 

Gold 
therefrom 

fine    ozs. 

1911 

Effie's  Reward,  G.M.L.  2271 

•26 

3-70 

1911 

Flemington,  G.M.L.  2362      .. 

•  ■ 

♦  4-36 

1911 

Marda  East,  O.M.L.  2387     .. 

7-60 

1201 

1911 

Queen  of  the  Hills,  G.M.L.  2300     . 

800 

20-85 

1911 

Three  Kings,  G.M.L.  2157   .. 

1000 

12-31 

1912 

Beat  Known,  G.M.L.  2547   . . 

20-80 

33-36 

1912 

General  Jackson ,  G.M.L.  2505 

3600 

26-27 

1912 

Great  Unknown  North,  G.M.L.  2444 

11-00 

2307 

l:n3 

»♦                  »•                  ff                  »f 

14-50 

12-46 

1912 

Inglewood,  G.M.L.  2156 

13-50 

8-96 

1912 

Known  Best,  G.M.L.  2602   .. 

1200 

13-93 

1912 

Persian.  G.M.L.  2527 

1600 

31-96 

1912 

Titanic,  G.M.L.  2614 

13-50 

18-69 

1913 

»•            t»             ♦?     •  •         •  •          • 

12-50 

6-23 

1913 

WeU  Known,  G.M.L.  2669  . . 

600 

6-96 

1913 

Sundry  Claims 

208-40 

116-70 

1913 

Just  in  Time,  G.M.L.  2597  . . 

1000 

12-20 

1913 

Lone  Chance.  G.M.L.  2636  . . 

1000 

6-77 

1913 

Newmarket,  G.M.L.  2713     .. 

900 

30-48 

1913 

W                              »»                             »f                •  •                  • 

•  ■ 

♦42-68 

1913 

Titanic 

12-60 

6-23 

1913 

Sundry  Claims 

752  10 

481-11 

1913 

„            „                  •  •         ■ .         • 

•  • 

♦8-92 

1914 

'  Sundry  Claims 

98-00 

66  07 

1,281-65 

1,006-27 

1916 

Total,  Sundry  Claims 

359-76 

201-85 

1,641  80 

1,208  12 

DolUed. 


FEnRUGixous  QuARTZiTE  (Jaspeb)   Lodes. 

This  class  of  lode  has  so  far  not  proved  protitable  on  this  field^ 
"'- !  is  not  likely  to  be  until  the  field  has  gone  ahead,  owing  to  their 

-Jj?,  if  payable  at  all,  low  grade  propositions  and  therefore  neces- 
'-'linsr  arreater  facilities  for  mining  than  the  field  at  present  pro- 

'^'^.  They  consist  of  lodes  in  ferruginous  quartzite  which  have 
+*?n  sheared  or  crushed  sufficiently  to  have  formed  in  them  many 

"■'1  cracks  which  have  become  filled  Avith  quartz.     So  that  you 

*  ^  a  quartzite  riddled  with  veinlets  of  quartz.  The  gold,  accord- 
'-  *o  all  accounts,  occurs  exclusively  in  the  quartz,  forming  a  low 
^<ie  formation  with  an  irregular  distribution  of  gold  owing  to  the 
V'^Aie  arrangement  of  the  quartz  veins.  Typical  examples  of 
'-^  lode  formations  are  the  Mount  Bacon  and  Burgoose  leases,  and 
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the  Canopus,  G.M.L.  2511.  It  is  only  where  the  ferruginous  quart 
ites  are  distorted  or  sheared  that  they  are  auriferous,  as  there  a 
many  miles  of  outcrop  of  ferruginous  quartzite  which  are  perfect! 
barren  of  gold.  There  is,  however,  every  hkelihood  that  payab 
reefs  may  be  found  outside  the  lodes  which  may  be  enriched  whe 
they  meet  or  cross  the  lodes. 

YARBU. 

Yarbu  is  situated  seven  miles  west-north-west  of  Pigeon  rod 
and  is  close  to  the  granite  contact.  The  country  rock  consists  <" 
decomposed  ancient  sediments,  being  composed  of  alternating  banc 
of  coarse  and  fine  grained  schists,  which  are  probably  of  sedimec 
tary  origin.  The  schists  strike  north-north-west  and  dip  70deg.  t 
the  east.  A  number  of  leases  were  taken  up  about  the  time  o 
the  Bullfinch  boom.  The  principal  mine  was  the  Bronzewing  G.M.I 
2336.  Three  prospecting  shafts  have  been  sunk  on  this  lease  to  cu 
a  gently  inclined  narrow  reef  dipping  15deg.  to  the  south-east.  Th 
reef  varies  from  Gin.  to  9in.  in  width  and  is  composed  of  a  clea 
glassy  looking  quartz.  Mining  statistics  give  the  good  yield  o 
60.03  ozs.  from  44.5  tons  of  ore  from  this  show  in  1912. 

Another  show,  G.M.L.  2310,  gives  a  yield  of  16.42ozs.  fron 
10.00  tons  of  ore.  Other  reefs  at  this  centre  are  generally  narro\^ 
and  composed  of  glassy  quartz.  One  has  a  dip  as  shallow  as  lOdeg 
west  and  others  are  vertical  or  steeply  inclined.  The  reefs  so  fai 
worked  appear  to  be  too  small  to  be  worked  at  a  profit,  and,  gen- 
erally, developments  as  far  as  they  go  are  not  promising. 

There  is  some  country  worth  prospecting  between  Yarbu  anc 
Jackson  near  the  granite  contact.  Quartz  outcrops  are  numerous 
and  geological  conditions  favourable. 

KOOLYANOBBING. 

This  centre  is  situated  35  miles  north-east  of  Southern  Cross, 
and  occurs  in  a  lens-shaped  belt  of  greenstone  35  miles  long,  five 
miles  wide,  and  striking  to  the  north-west.  Gold  was  first  discov- 
ered here  in  1904,  and  a  reward  claim  was  granted  to  Mr.  Chad  wick 
of  Southern  Cross. 

The  principal  workings  are  situated  on  the  Rainbow  leases, 
G.M.Ls.  1718,  1719,  and  2776,  which  are  situated  about  2%  miles 
north-east  of  Koolyanobbing  Trigonometrical  Station  and  half  a 
mile  south-east  of  the  Government  tank. 

Clark's  Syndicate  Mine,  G.M.L.  2776,  was  being  worked  at 
the  time  of  my  visit.  The  main  reef  is  along  the  contact  of  granite 
and  a  basic  schist,  strikes  north-north-east  and  60deg.  to  the  east. 
It  varies  in  width  from  six  inches  to  three  feet.  The  reef  can  be  fol- 
lowed on  the  surface  for  500  feet.  Most  of  the  work  has  been  done 
on  the  south  end  of  the  reef,  which  has  been  stoped  down  to  48  feet 
for  a  length  of,  roughly,  50  feet.    An  incline  shaft  is  suak  on  thQ 
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reef  and  at  48  feet  the  reef  is  driven  on  45  feet  to  the  north  and  28 
feet  to  the  south.  At  the  south  end  the  reef  is  faulted  to  the  right 
which  is  the  same  direction  of  throw  as  at  Jackson.  The  displace- 
ment is  eiglit  feet  at  the  bottom  of  the  shaft,  the  granite  intrudes 
the  basic  schist  hanging  wall,  and  north  of  this  intrusion  the  ore 


Fig.  45. 


Oeological  sketch  plan  of  Rainbow  leases. 


shoot  occurs.  Gold  shows  in  the  reef  three  chains  north  of  the  main 
shaft  and  the  present  owners  are  sinking  on  the  reef  at  this  point. 
At  the  northern  visible  extremity  of  the  reef  a  prospecting  pit 
ihows  that  the  reef  has  straightened  up,  being  almost  vertical  with 
&  dip  to  the  west.    East  of  the  pit  a  shaft  has  been  sunk  to  a  depth 
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of  110  feet  showing  basic  schist  at  the  bottom  overlying  granite, 
dipping  30  deg.  south-east.  At  20  feet  from  the  bottom  there  is  a 
three  feet  band  of  basic  schist  dipping  30deg.  south  in  granite.  This 
shaft  passes  through  a  felsitic  porphyry  but  where  it  cuts  the  por- 
phyry is  hidden  by  the  timbering  of  the  shaft.  From  the  north-west 
corner  of  the  lease  an  arm  of  felsitic  porphyry  striking  south-east 
cuts  the  northern  end  of  the  main  reef. 

About  six  chains  east  of  the  main  shaft  there  is  a  parallel  reef 
dii  pins:  east.  Near  the  northem  boundary  of  the  lease  and  a  few 
chains  west  of  the  north-east  peg  there  is  a  reef  striking  north-north- 
west and  dipping  east. 

Fig.  45  is  a  sketch  plan  of  the  geology  in  the  vicinity  of  the 
workings  of  the  Rainbow  leases. 

Adjoining  the  south  end  of  G.M.L.  1718,  Prospecting  Area  400 
has  been  pegired,  and  a  shaft  sunk  to  about  50  feet  on  a  vertical 
reef  up  to  18  in  width  and  striking  18deg.  east  of  north.  This  reef 
occurs  in  the  sheared  eastern  margin  of  a  boss  of  felsitic  porphyry. 

About  iy2  miles  east  of  the  Rainbow  lease  is  an  abandoned 
fi^•e-head  hattery,  and  35  chains  east  again  a  Government  well  from 
whicli  water  was  obtained  for  crushing  purposes,  the  water  level  of 
whicli  was  about  60  feet  from  the  surface,  and  the  total  depth  of 
the  well  about  160  feet. 

Chadwick's  Reward  Mine,  G.M.L.  641   (abandoned)   is  2% 
miles   south-east   of   Koolyanobbing   Trigonometrical    Station,    and 
one  mile  from  the  main  granite  contact.    Here  they  have  worked  a 
narrow    quartz    reef,  in    decomposed    fine  grained  greenstone,  but 
values  are  reported  to  be  on  the  low  side. 

South  of  Chadwick  Reward  there  are  some  old  workings  along- 
side the  granite  contact,  along  which  there  is  a  large  buck  quartz  reef 
(see  Fig.  46)  which  outcrops  for  miles  and  can  be  seen  outcropping 
on  the  soutli-east  side  of  Lake  Seabrook.  The  old  workings  above 
referred  to  are  on  a  narrow  portion  of  this  buck  reef.  One  wall  oi 
the  reef  carries  copper  carbonates,  but  not  rich  enough  to  form 
copper  ore. 

At  these  workino:s  some  interesting  contact  rocks  occur.  The 
granite  does  not  abut  against  the  greenstone  but  has  a  contact  mar- 
gin of  gneii-s.  This  gneiss  contains  large  rounded  crystals  of  fel- 
spar enveloped  by  gneiss  giving  a  typical  eye  structure.  The  folia- 
tion of  the  gneiss  bends  round  the  felspar  crystals. 

The  gneiss  becomes  more  basic  near  the  greenstone,  changing 
into  an  evenly  banded  hornblende  gneiss.  This  is  folowed  by  am- 
phibolite  schist,  impregnated  with  crystals  of  magnetite  and  crushed 
talcose  schists. 
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Abonl  two  miles  nortb  of  Chadwick's  Reward,  on  tbe  track  to 
Ite  Rainbow  leases,  there  occurs  in  greenstone  schist  a  large  body  of 
<)D£rtz  20  feet  wide  in  places  and  500  feet  lon^,  and  carrying  gal- 
ma  and  zinc  blende.    This  should  be  worth  sam|iling. 

I  bave  been  informed  that  there  is  auriferous  country  about 
W  miles  north-east  of  Koolyanobbing,  but  I  did  not  have  an  oppor- 
iwity  of  visiting  it.     It  is  probably  part  of  the  belt  tlint  crosses 


i!*  Glen  Bynn  track  7'/^  miles  north -north -east  of  Koolyanobbin.i; 
~fip.  Between  this  development  of  greenstone  and  the  Koolyanob- 
bing belt  there  appears  to  he  en  extensive  development  of  gneiss. 
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The  following  are  the  returns  for  Koolyanobbing : — 


Year. 

Name  of  Lease. 

1 

Tonnage. 

Yield. 

1905 
1908 
1910 

1911 
1912 

Chadwick*8  Reward    . . 

St.  Clair,  No.  2  South  G.M.L.,  783  . . 

Jupiter,  909     . . 

Saturn   . . 

St.  Clair,  No.  2  South 

Sundry  Claims 

Sundry  Claims             . .          . . 

Total 

600 
2300 
1200 
2800 
239  00 
55- 00 

Fine    ozs. 

2-65 

16- 07 

9- 15 

207 

86-80 

10-40 

•84 

863-03 

127W 

BirvGALBlN  RaNTtES. 

Biin^albin  Trigonorcetrieal  Stalicn  is  situated  31  miles  north- 
north-east  of  Koolyanobbing  and  is  the  most  prominent  point  in  a 
rugged  range  of  ferrujiinous  quartzite  (Jaspers)  rising  from  the 
continuation  of  the  Jackson  greenstone  belt.  The  greenstone  is 
about  12  rail?s  wide  here,  and  practically  no  prospecting  has  been 
done  in  spite  of  the  favourable  geological  conditions  that  prevail. 

Hoth  contacts  with  the  granite  to  the  north  and  south  should 
be  well  worth  pros]  ecling,  especially  in  the  vicinity  of  the  Bun- 
galbin  ranges  where  the  rocks  ap]iear  to  have  been  subjected  to 
great  disturbance,  ard  therefore  likely  to  contain  a  zone  along 
which  fractures  and  fissures  liave  teen  provided  for  the  deposition 
of  quartz  reefs. 

IRON. 

Of  deprsits  other  than  gold  there  are  none  that  have  been 
worked  up  to  the  present  in  this  district.  Yet  there  are  big  bodies 
of  iron  ore  which  may  some  day  be  of  great  economic  importance  to 
the  country. 

Three  classes  of  iron  ore  exist  in  the  district: — 

(1.)  Segregations  of  haematite  and  magnetite  in  the  folds 
and  fractures  of  contorted  ferruginous  quartzites 
(Jasper).     Hii>h  grade  ore. 

(2.)  Gossans  of  (loethite  forming  a  capping  possibly  to  sul- 
phide lodes. 

(3.)  Haematite  quartzites.  Low  grade  ore. 
The  first  class  of  ore  is  probably  very  widely  represented,  and 
should  be  found  by  an  exploration  of  the  contorted  portions  of  the 
jasper  ridfjes.  An  example  occurs  on  the  western  slope  of  Koolya- 
nobbing Trigonometrical  Station  {vide  Appendix  IL).  A  sample 
Wri     ®^  ^^'^s  ^^^  proved  to  be  the  purest  yet  found  in  the  State, 


iTiil  i>  described  by  Mr.  Simpson 
■ine  ia  its  composition: — - 


B  MicaceoDR  Haematite.    The  fol- 


AnalyBt— D.  O.  Murray. 

>nd  class  ut  ore   (Goetliite)  is  a^ociated  with  ]: 
iji  or  shearing;  in  the  haematite  quartKites.      It 


»•  «  hnfcv  mass  in  a  big  gap  in  the  Mt.  Jaekson  jasper  ridge,  ex- 
riding  )>et«'een  Mt.  .laekaon  Trig,  and  Boon<tine  Trig,  for  nearly 
■  mile  in  length.      Great  huttmsea  o£   Ooetbite    occur    along   the 
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ridge.       (See  P'ig.  47.)       A  sample  Qf  this  class  of  ore  is  thus  re- 
ported on  by  Mr.  Simpson: — 

[1/47.]     Brown  iron  ore,  near  Mt.  Jackson. 

The  brown  iron  ore  collected  half-mile  south-west  of  Mt.  Jackson 
appears  to  the  unaided  eye  to  consist  of  two  minerals,  viz.,  a  compact 
structureless  mineral  of  a  dark  brown  colour  forming  the  main  mass 
of  the  specimen,  and  a  similarly  coloured  but  distinctly  fibrous  mineral 
forming  crusts  on  the  former.  The  strjicture  of  the  fibrous  mineral  is 
that  of  typical  Goethite  Fe^  .  H,0,  and  its  identity  with  this  min- 
eral  is  confirmed  by  a   partial   analysis. 

Picked  fragments  of  the  massive  mineral  had  the  following  compo- 
sition:—  !" 

FeaOa  90.26     (Metallic  Iron  63.18.) 

H  >0  9.91 

SiOj  traces 


100.17 


Tvpical   Goethite    contains: 
Fe^Os  89.86 

H2O  10.14. 


100.00 


The  massive  mineral  is  therefore  also  Goethite. 

Massive  Goethite  forma  a  large  proportion  of  the  outcrop  of  the 
immense  iron  lode  of  Mt.  Caudan,  South  Yilgarn,  where  it  is  derived 
from  the  oxidation  of  a  lode  which  in  depth  consists  largely  of  Pyrrho- 
tite  and  magnetite  I  am  of  opinion  that  the  present  samples  are  from 
the  outcrop  of  a  similar  sulphide  lode,  since  iron  lodes  of  the  haematite- 
jasper  type  or  magnetite-ilmenite  type  do  not  in  this  part  of  the  world 
appear  to  give  rise  to  masses  of  iron  hydrates  at  the  surface. 

There  is  also  a  development  of  Goethite  ore  near  Bungalhin 
Trig.  At  this  place  it  is  clearly  seen  to  be  a  gossan  forming  a  hard 
capi  ing  which  has  become  undermined  by  caverns. 

Of  the  third  class  of  ore  there  must  be  immense  quantities  of 
low-grade  material,  since  the  haematite  quartzites  can  be  traced  for 
a  distance  of  70  miles.  There  are,  however,  great  variations  in 
composition — from  almost  wholly  silicious  to  wholly  ferruginous 
quartzites. 

The   depth   to  which   these   iron   ores   extend   has   never   been 

ate 

tested,  but  it  is  almost  certain  that  no  great  depth  will  be  attained 
except  perhaps  in  the  case  of  the  first  class  deposit  above  men- 
tioned. 

COPPER. 
No  copper  ores  have  been  proved  in  the  district,  though  there 
are  indications  such  as  the  presence  of  carbonates  associated  w^ith 
the  contact  reef,  on  the  western  contact  of  the  Koolyanobbin*:: 
greenstone  and  in  tlie  same  line  of  strike  as  the  western  contact  of 
the  Jackson  belt.  At  Koolyanobbing  the  indications  are  not  very 
promising,  but  11  miles  south-southrcast  of  Jackson,  near  the 
granite  contact,  there  is  a  quartz  reef  in  the  greenstone  that  runs 
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r  fu-allel  with  the  contact  at  a  few  chains  from  it.    This  reef  crosses 

Vi"  road  about  one  mile  north  of  the  soak,  and  a  reef  at  the  same 

•l^tance  from  the  contact  is  exposed  in  a  prospecting  shaft  one  mile 

^•uth  and  half  a  mile  east  of  tlie  soak.    The  latter  outcrop  shows  an 

'dhiindance  of  carbonate  on  one  wall  of  the  reef.    But  no  more  than 

^  Tiat   is  to  be  seen  in  the  prospecting  pit  is  exposed,  so  that  it  is 

M  possible  to  say  whether  it  i^  of  economic  value  or  not,  yet  there 

are  .<uflicient  indications  to  justify  a  search  being  made  along  the 

'.-r.e  indicated,  viz.,  the  western,  contacts  of  the  Jackson  and  Kooly- 

•iiiMribintr  greenstone  belts.     In  connection  with  the  copper-bearing 

r-ef  near   the   11 -mile  soak,  an  extraordinary   feature  which   was 

••inted  out  to  me  by  a  local  prospector  was  the  total  absence  of 

•'-etation   on   longitudinal  belts  of  country  parallel  to  the  strike 

•:  the  contact  of  the  greenstone  and  granite,  and  starting  from  the 

{'inof^efting   pit   exposing  the  carbonates  of  copper.     Since  these 

•  are  patches  occur  on  the  slopes  of  a  rise,  they  could  not  be  caused 

iv  swampy  condition*',  but  must  owe  their  origin  to  the  composition 

"'  the  soil  or  underlying  rock  having  a  deleterious  effect  on  vege- 

\it:ftn.    The  composition  of  the  underlying  rock,  which  is  amphibol- 

-*-i  dolerite  or  gabbro,  os  as  follows: — 


G-S.M  ^. 

G.S.L 

.  7459d. 

SiO, 

4917 

Al.O, 

15*39 

Fe,0, 

1-62 

FeO 

8-73 

MnO 

•21 

MgO 

829 

c»o 

..       1111 

Na.O 

2-22 

K,0 

•06 

H.O  — 

•10 

H,0  - 

2-20 

TiO, 

•69 

CO, 

•06 

P,0, 

•10 

FeS, 

Sp.  Gr.  2-84. 

trace 

99-76 

Analyst 

•  •                  •  • 

. .    H.    Bowley. 

VII.— ORE  GENESIS. 

A  complete  discussion  on  the  origin  of  the  ore  deposits  of  this 
*  ivm  would  be  impossible  at  the  present  stage  of  its  development, 
<*  f«rtain  facts  in  their  relation  to  ore  genesis  can  be  pointed  out, 
iv]  aov  tentative  conclusions  drawn  therefrom  may  be  of  some 
'«i<UDce  in  suggesting  criteria  for  the  location  of  fresh  shoots  in 
^  already  proved  line  cf  reef,  and  for  the  prospecting  for  new 
•^i$  in  the  larRe  belts  of  promising  country  at  Jackson,  Bungalbin, 
'M  Koolyanobbing. 
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The  reefs  of  the  region  occupy  zones  of  fracturing:  in  the  grreen- 
stone  series.  In  a  greenstone  belt  like  the  Jackson  belt  great  earth 
movements  have  resulted  in  the  weakest  portions,  or  those  portions 
of  the  belts  subjected  to  the  greatest  force  being  fractnvtfd. 
resulting  in  zones  of  country  riddled  with  fissures.  Tl«eso 
fissures  will  vary  in  arrans:ement  according  as  the  forces  are  c<;iii- 
pression,  tension,  torsion,  or  a  combination  of  the  three,  hence  (he 
srreat  variety  of  arrangement  of  reefs  in  diflFerent  districts.  In  sonu- 
fields  the  reefs  are  all  ))arallel  and  dipping  in  the  same  direction, 
this  is  probably  an  effect  produced  by  either  shearing  or  tensile 
forces.  In  others  ai>proximately  parallel,  but  dipping  in  opposite 
directions  and  due  to  compression.  Again  we  find  a  most  irregular 
arrangement  forming  a  network  of  reefs  with  variable  dips,  pro- 
bably due  to  twisting  or  torsion.  As  these  forces  are  combined  or 
superimposed  the  more  complicated  is  the  system  of  fissures.  Now 
it  is  only  natural  that  deep-seated  solutions  and  vapours  under  pres- 
sure must  take  these  zones  of  fractures  as  a  means  of  escape, 
and  on  circulation  in  the  fissures  relief  of  pressure  results, 
and  deposition  of  reefs  and  minerals  in  the  fissures.  Where 
do     these     solutions     obtain     their     mineral     composition*  It 

has  been  i)roved  that  the  basic  igneous  rocks  contain  small  per- 
centages of  base  and  precious  metals,  and  it  is  significant  that  in 
all  the  largo  tracts  of  acid  rocks  no  gold  has  been  discovered  un- 
asftociated  with  basic  igneous  rocks.  If  the  deposits  are  not  act- 
ually in  the  greenstones  when  occurring  in  granite  the  greenstones 
are  never  far  distant.  It  is  conceivable,  therefore,  that  the  solu- 
tions have  obtained  their  metallic  contents  from  the  rocks  in  which 
they  circulate.  At  Marda  the  reefs  are  most  irregularlv  distributed 
in  a  block  of  greenstone  country  in  which  later  intrusives  arc 
scarce,  if  not  almost  absent.  The  reefs  occur  alike  in  the  acid  rocks 
as  well  as  tlie  basic.  In  fact,  the  three  principal  mines  are  in  thrf»c 
rocks  of  totally  different  composition  though  of  contemporaneous 
origin.     Thus: — 

Allen's    Find — Acid    country    rock. 

Butcher  Bird   Standard — Basic  country  rock. 

Great   Unknown— lltra   basic   country  rock. 

And  in  these  mines  the  richest  reefs  are  in  the  basic  rocks,  in 
which  the  (juartz  shows  free  gold.  In  the  acid  rock  gold  is  not 
nearly  so  easily  seen  in  the  quartz,  nor  are  the  reefs  so  rich.  Tlii? 
may  of  course  be  a  coincidence,  yet  it  is  significant. 

It  is  probable,  therefore,  that  by  a  process  of  saturation  of 
the  rock^  by  deep-seated  waters,  weak  metallic  solutions  have  been 
formed,  wliich.  upon  the  rupture  of  the  containing  rock  and  the 
formation  of  o])en  fissures,  have  ascended  these  fissures  and  de- 
|)o«ited  their  mineral  and  metallic  contents  as  a  consequence  of  tli«^ 
attendant  relief  of  pressure. 
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As  regards  the  distribution  of  the  gold  in  the  reefs,  it  is  a  fact 
in  the  Marda  field  that  the  ore  shoots  are  always  associated  with 
jome  structural  feature,  which  would  have  either  restricted,  en- 
hanced, or  diverted  the  flow  of  a  solution  circulating  in  the  Assure 
now  occupied  by  the  reef.  In  the  three  principal  mines  we  have  an 
illustration  of  three  such  different  controlling  factors. 

(1)  Obstruction  in  the  Great  Unknown  Mine,  in  the  form  of 
a  pipe  of  breccia  crossing  the  ore  channel.  Result,  an  ore  shoot  on 
either  side  of  the  obstruction. 

(2)  Increase  of  flow  and  a  meeting  of  solutions  probably  dif- 
rerrat  in  composition,  temperature,  and  pressure  at  the  junction 
i)i  two  reefs,  as  in  Allen's  Find.  In  this  case  the  space  occupied  by 
the  reef  is  greatly  increased  at  the  intersection,  where  two  things 
might  have  happened:  one,  a  slackening  of  the  rate  of  flow  and  an 
attendant  deposition  of  minerals;  two,  a  reaction  between  two  dif- 
ferent solutions  meeting.  Result:  ore  shoots  in  the  neighbourhood 
"f  the  contact  of  two  reefs. 

(3)  Diversion  of  flow  as  in  the  Butcher  Bird  Mine  by  a  curva- 
ture in  the  course  of  the  fissure.  The  shoot  of  gold  in  the  Butcher 
Bird  Mine,  judging  by  the  position  of  the  stopes,  corresponds 
almost  exactly  with  the  eastern  arm  of  a  pitching  syndine  in  the 
reef. 

The  ore  shoots  in  the  Standard  Mine  were  probably  controlled 
^v  a  eumbination  of  conditions  (2)  and  (3),  because  the  reefs  on 
that  mine  are  curved  and  also  intersect  one  another. 

ITie  moral,  therefore,  is  that  jirospectors  cannot  pay  too  much 
attention  to  the  structural  features  on  their  mines  with  a  view  to 
interpreting  their  effect  on  the  ore  shoots.  The  reason  is  obvious 
'D  a  search  for  new  shoots  of  ore,  as  the  following  of  a  favourable 
structural  feature  will  direct  the  dead  work  into  those  portions  of 
the  reef  most  likely  to  be  productive  and  may  sufficiently  reduce 
the  exploratory  work  to  change  a  duffer  into  a  payable  concern. 

As  regards  the  mineralisation  of  the  reefs,  it  is  generally 
found  that  pyrites  is  most  plentiful  in  the  walls  and  near  the  walls 
•»f  the  reefs.  For  instance,  in  the  Great  Unknown  Mine  the 
'•blorite  carbonated  shear  zone  contains  10  i)er  cent,  of  pyrites  and 
trares  of  gold  and  silver.  In  the  quartz  the  most  common  minerals 
are  ^lena,  zinc  blende,  and  arsenical  and  cupriferous  pyrites. 

The  gold  in  many  cases  occurs  intimately  associated  with  any 
«>f  the  above  minerals.  The  minerals  are  arranged  in  crudely  ar- 
f*nged  crusts,  which  usually  succeed  one  another  in  the  following 
order: — 

(1)  Pyrites  in  walls  of  reef. 

(2)  pyrites  in  margin  of  reef. 

(3)  Calcile. 

(4)  Galena,  Zinc  Blende  and  Arsenopyrite  near  centre  of 

reef. 
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This  is  a  typical  case  of  cms tifi cation,  which  is  generally  ad- 
mitted to  be  a  characteristic  structure  of  a  fissure  filled  by  deposi- 
tion from  circulating  solutions. 

Secondary  enrichment,  though  not  actually  observed  in  this 
field,  is  likely  to  occur  in  any  of  the  mines,  and  if  so,  in  th^  zone  of 
change  from  oxidised  to  unoxidised  country. 

In  the  Great  Unknown  Mine  the  >  zone  of  possible  enrichment 
is  close  to  the  surface,  at  about  75  feet,  and  the  workings  already 
extend  well  into  unoxidised  country. 

The  Butcher  Bird  Mine  is  still  in  oxidised  country,  but  not  far 
off  the  sulphide  zone,  and  values  should  improve  in  depth  until 
unoxidised  countrv  is  struck. 

Both  Allen's  Find  and  the  Standard  are  still  in  decidedly  oxi- 
dised country.  It  is  therefore  clear  that  all  these  mines  have  not 
yet  nearly  reached  the  limit  of  their  productive  zone  in  depth,  but 
probably  the  value  of  the  ore  on  the  Great  Unknown  will  decrease 
as  the  sulphide  zone  is  penetrated  further. 

It  should,  therefore,  be  born  in  mind  that  if  the  high  values  so 
far  obtained  are  due,  to  some  extent,  to  secondary  enrichment, 
which  is  more  than  likely,  the  value  of  the  stone  will  not  be  so 
high  below  the  zone  of  enrichment,  though  there  is  every  indica- 
tion that  the  reefs  will  be  payable  for  some  considerable  depth. 
Past  experience  in  this  State  has  proved  that  the  zone  of  enrich- 
ment may  extend  for  100  feet  above  and  below  the  cap  of  the  sul- 
])hide  zone. 

Tiie  Marda  field,  however,  has  not  yet  reached  that  stage  at 
which  the  value  of  the  ore  at  depth  need  cause  any  anxiety  to  the 
mine  owners. 

VIII.— CONCLUSIONS. 

(1)  Two  series  of  rocks  are  represented  and  separated  by  an 
unconformity.  The  younger  series  has  so  far  proved  unprodiji^tive 
both  here  and  in  the  Kalgoorlie  district. 

(2)  Marda  as  a  prospective  mining  field  offers  great  induce- 
ments to  small  parties  of  pros[)eetors,  provided  continuous  crush- 
ing facilities  are  made  available. 

Some  of  the  mines  show  great  promise,  and  deserve  the  atten- 
tion of  capitalists  and  large  companies.  Of  these,  the  Great  Un- 
known and  Allen's  Find  are  most  promising,  especially  the  former, 
on  account  of  the  possibility  of  the  reef  extending  through  the 
South  Unknown  Lease. 

{'.])  The  old  Jackson  centre,  though  now  deserted,  is  worthy 
of  the  attention  of  ca])italists  on  account  of  the  persistent  nature 
of  the  reefs  and  their  regular  tl^nd. 
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1D9 

(4)  Koolyanobbing  is  well  worth  farther  prospecting.  Its 
extension  northwards  appears  to  have  heen  practically  untouched 
by   prospecting  parties. 

(5)  East  of  Marda  there  is  a  large  tract  of  country  which 
deserves  more  attention  from  the  prospector.  From  the  Marda 
tank  to  Bangalbin  Range  there  is  a  continuous  belt  of  greenstone 
eonntry  25  miles  long  and  from  10  to  15  miles  wide.  The  inter- 
vening country  and  that  around  Bungalbin  appears  to  be  practi- 
eaJlv  untouched,  and  new  finds  will  probably  be  made  here  as  the 
result  of  further  and  more  systematic  prospecting. 

(6)  Ysrhu  is  a  centre  that  is  not  particularly  attractive  from 
a  minin 4r  point  of  view,  though  the  country  along  the  granite  con- 
tact between    here  and  Jackson  should  be  worth  prospecting. 
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APPENDIX   IL 

THE  KOOLYAXOBBING  IRON  ORE  DEPOSITS. 

By  T.  Blatchford. 

On  account  of  the  discovery  of  some  very  high-grade  micaceous- 
ta^matite  iron  ore  in  the  vicinity  of  the  Trig.  Station  on  the  Kooly- 
.»r,««bbing  Range^  a  second  inspection  was  made,  the  pi'imary  object 
vinir  to  try  and  locate  the  boundaries  of  the  deposit  and,  if  pos- 
-:  »ie,  ascertain  whether  any  other  deposits  of  a  similar  nature  oc- 
•  irred  in  the  vicinity. 

Tlie  ha?matite  de]>osit  was  found  to  be  a  lens  of  ore,  the  major 
r\i<  f»f  wliicli  was  170  feet  and  the  minor  70  feet.  From  the  sides 
"I  this  lens  veinlcls  of  ore  extend  into  the  surrounding  rock.  Such 
>erc  not  included  in  the  area  marked  out  as  the  lens. 

Till?  ore  ill  the  Ions  is  massive  haematite,  mixed  to  a  certain  ex- 
tent with  frajrments  of  the  <iuartzite,  the  staple  rock  of  the  range. 
The  ocearrence  is,  apparently,  secondary  deposition  of  iron  ore  in  a 
•reirciated  zone.  In  consequence  of  the  included  foreign  siliceous 
n.aterial  the  value  of  the  ore  as  a  commercial  product  is  consider- 
ably Iesi=ened,  which,  taken  in  conjunction  with  its  apparently 
limited  area,  detracts  from  the  value  of  the  deposit.  One  point  in 
i^\our  of  greater  quantities  of  ore  being  found  than  appear  at  the 
*irface  is  the  extreme  magnetism  where  no  iron  shows  at  the  sur- 
ia«-e. 

This  magnetism  is  particularly  noticeable  at  and  near  the  Trig. 
^»ation,  the  variation  in  the  needle  being  so  pronounced  as  to  render 
ii:a*metie  readings  from  this  point  worthless. 

As  may  be  seen  from  the  accompanying  analysis  the  picked  ore 
tr«»m  the  ha?matite  lens  is  practically  free  from  sulphur  and  phos- 
t'li<»nLs,  whilst  the  contained  silica  is  very  low  too. 

Analysis  of  micaceous  haematite,  Koolyanobbing : — 


(i.S.M.    -j^Y. 

G.S.L.  7458D. 

Fe,0, 

98-75% 

Fe  69-13% 

SiO.. 

104 

P 

•016 

8 

trace 

Ignition  loss 

•39 

Analyst,  D.  G.  MURRAY. 

Lying  to  the  west  and  abutting  on  the  hcematite  lens  a  deposit 
•»f  brown  iron  ore  was  noticed.  The  apparent  course  of  this  deposit 
«^a?.  from  the  gijamma-hole  on  the  flat,  past  the  Trig.  Station  and  ex- 
i^ding  to  the  bluff  south  of  the  Trig.  Station.t 
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Two  samples  were  broken  from  the  outorops  of  this  lode — one 
«\l  immediately  to  the  w^t  of  the  Trig.,  and  the  other  (D)  near 
•ii»-  southern  extremity. 

The  samples  were  broken  over  a  width  of  200  and  150  feet  res- 
j  trirtively. 

Under  the  present  conditions  it  is  impossible  to  be  too  definite 
^^  to  the  occurrenee,  for  the  surface  is  very  much  masked  by  the 
J  IS  of  the  higher  portion  of  the  range.  It  would  appear,  how- 
r.f^r,  that  an  extensive  faulting  has  occurred  and  in  the  fault  this 
riten-sive  iron  deposit  has  been  formed.  Another  similar  lode  has 
jrrn  located  north-west  from  the  Trig.*  Two  samples  were  taken 
rnm  this  deposit  also.  Of  these,  the  first  was  taken  across  the  dip  on 
*L<  face  of  the  escarpment,  the  total  width  sampled  being  150  I'ect. 
^ample  (A).  Another  (B)  was  taken  500  fest  east  of  the  first,  over 
A  width  of  200  feet. 

The  results  from  these  four  samples  were  remarkably  regular 
.  n'\  gave  a  high  percentage  of  metidlic  iron.  The  percentages  of 
-Liea,  phosphorus,  and  sulphur  were  also  very  low.  Unfortunately, 
•ine  would  not  permit  of  an  investigation  of  the  whole  of  the 
raji«re,  bat  judging  by  the  faulting  marked  out  by  my  colleague 
Mring  his  inspection,  it  is  highly  probable  that  similar  deposits 
' 'riild  be  located  if  the  range  were  thoroughly  inspected.  The 
'arni'linsr,  it  should  be  noted,  was  not  undertaken  to  prove  the  value 
•*t  the  deposits,  but  only  as  a  preliminary  inspection  to  ascertain 
?^:iether  they  were  worthy  of  further  notice,  in  the  view  of  a  pos- 
-iWe  opening  up  iron  deposits  for  commercial  uses. 

However  gratifying  the  results  may  seem,  there  is  still  much 
•Mirk  to  be  executed  before  any  definite  data  can  be  put  on  paper. 
T}ie  preliminary  assays  should  first  be  checked  and  an  attempt  made 
h*  find  other,  may  be,  larger  deposits  which  may  be  even  more 
a-t-esc^ible  than  the  present  ones  under  notice.  If  such  investigations 
j.rfrted  satisfactory  the  expenditure  of  capital  to  prove  the  extent 
••f  the  deposits  would  then  be  warranted.  This  could  be  done  in 
Mree  ways:  Shaft  sinking  and  cross-cutting,  driving  adits  along 
:iiH  lodes  from  the  sides  of  the  range,  or  boring.  Several  factors 
ir.T^  in  deciding  the  best  of  these  three. 

In  the  first  place,  before  an  iron  lode  can  be  considered  a  com- 
2*rreial    proposition  the  following  must  be  taken  into   considera- 

Extent  of  deposit,  grade  of  ore,  working  costs  (including 
freights). 
From  the  preliminary  sampling  the  grade  appears  to  be  high 
and  very  regrular,  and  may  be  considered  of  secondary  importance 
:•■•  tonnage.  For  this  reason  it  appears  that  boring  would  be  the 
ftroper  method  to  adopt,  as  the  deposits  could  be  proved  to  much 
greater  depths  by  boring,  for  the  same  expenditure,  and  at  the  same 
:ii&e  fair  samples  taken  from  the  cores.     Unless  mining  operations 
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were  extended  to  considerable  depths  they  would  not  be  of  any  use 
in  working  the  deposits,  for  if  at  any  time  they  were  mined,  oi>en 
cutting  or  quarrying  would  be  resorted  to  for  at  least  100  to  200 
feet  from  the  outcrops. 

As  regards  transportation,  a  branch  line  from  the  main  trunk 
line  could  easily  be  laid  over  tevel  country,  the  total  distance  beini; 
not  more  than  probably  30  to  35  miles,  the  connection  being  at 
Southern  Cross,  or  thereabouts,  a  distance  of,  roughly,  240  miles 
from  Fremantle.  The  ore,  being  at  no  great  distance  from  the  trniik 
line,  would  make  excellent  back  loading. 

"Analyses  of  four  samples  of  iron  ore  from  Koolyanobbing  • — 


G.S.L.,  No. 

9618 

9619 

9620 

9621 

Mark 

A 
/o 
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/o 
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/O 

Fe.A 

90-30 

88-33 

86-  76 

86-41. 

equal  to 

Pe 

63-21 

61-85 

60-73 

60-51 

SiO., 

202 

4-78 

2-40 

3-08 
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^ 

S 

•06 

y 

•04 

P 

•01 

K 

■006 

Gold  (per  ton) 

trace 

trice 

lOgrs. 

IGgrs. 

"The  sulphur  and  phosphorus  were  determined  in  mixtures  of 
equal  proportions  of  the  component  samples.  The  undet ermine! 
is  mainlv  combined  water. 

"These  are  high-grade  brown  iron  ores  of  the  rion-phospliorit* 
class,  suitable  for  the  manufacture  of  steel  by  the  acid  Bessemer. 
Open  Hearth,  or  Klectric  processes. 

"The  principal  constituents  are: — 

Of  (1)  and  (2)  Turgite  and  Goethite. 
Of   (3)   and   (4)   Goethite." 

(Sgd.)         EDWARD  S.  SIMPSON, 

Mineralogist  and  Chemist. 
14th  September,  1916. 
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THE  MINERALS  OF  WESTONIA. 
By  Edward  S.  Simpson. 

The  following  notes  on  the  minerals  to  be  found  at  or  near  tlie 
gold-mining  centre  of  Westonia  are  based  mainly  on  tbe  collections 
made  by  Mr.  T.  Blatchford,  Assistant  Geologist,  during  the  progress 
of  a  geological  survey  of  this  area.  To  him  I  am  indebted  for  much 
information  regarding  tlie  modes  of  occurrence  in  the  field.  I  have 
also  had  access  to  specimens  collected  by  Mr.  H.  G.  Stokes,  manager 
of  the  Edna  Mav  Golden  Point  Mine,  to  whose  enthusiasm  as  a 
collector  of  minerals  is  due  the  discovery  of  the  unusual  variety  of 
wulfenite  described  in  the  following  pages. 

The  rock-forming  minerals  of  Westonia  are  in  the  main  iden- 
tical with  those  of  other  gold-mining  areas  of  the  central  plateau 
of  Western  Australia  whose  mineralogy  has  been  studied  in  detail, 
the  prevailing  rock  types  being  microcline  granite  and  homblendic 
greenstones.  The  large  development  of  biotite  in  the  granitic  rocks 
and  their  olfshoots,  and  to  some  extent  in  the  altered  greenstones, 
is  a  point  of  distinction,  as  also  the  presence  of  unaltered  olivine 
in  one  of  the  smaller  rock  masses.  Turning  to  metamorphic  rock 
minerals,  we  find  tourmaline  unusually  rare,  but  garnet,  andalusite 
and  sillimanite  present,  all  three  distinctly  uncommon  in  our  pla- 
teau goldfields.  The  deep  seated  carbonation  of  the  rocks,  which 
is  so  well  marked  at  almost  all  the  other  important  gold-mining 
centres  (e.g.,  Kalgoorlie,  Warrawoona,  Meekatharra,  Bullfinch  and 
Ora  Banda)  is  here  almost  absent,  secondary  carbonates  being  de- 
tected only  in  small  quantities  in  a  very  few  rocks. 

The  metallic  minerals  so  far  recorded  are  somewhat  unusual 
in  kind,  and  for  an  explanation  of  this  one  must  turn  to  the  en- 
tirely unusual  occurrence  of  the  gold,  the  sole  object  of  the  local 
mining  activity.  The  gold  at  Westonia  is  for  the  most  part  found 
in  dykes  or  veins  of  pegmatite  or  pegmatitic  quartz,  or  impreg- 
nations immediately  adjacent  thereto,  the  term  "pegmatitic  quartz" 
being  used  for  the  quartz  of  a  vein  which,  whilst  in  one  place  it 
may  appear  to  consist  of  quartz  only,  can  be  traced  without  break 
into  a  quartz  enclosing  microcline  in  greater  or  less  abundance,  the 
whole  vein  being  thus  essentially  a  pegmatite.  Under  these  circum- 
stances it  is  not  surprising  that  mining  operations  have  disclosed 
the  i)resence  of  such  typical  pegmatite  minerals  as  molybdenite, 
wolfram,  and  xenotime,  none  of  which  have  been  recorded  from 
any  of  the  other  centres  mentioned  in  the  previous  paragraph. 

In  tlie  following  pages  some  details  are  given  regarding  tlie 
individual  mineral  species  observed,  which  number  more  than  forty. 
Only  the  briefest  record  is  made  of  the  purely  rock-forming  species, 
these  being  dealt  with  more  fully  by  the  Petrologist  in  Section  D. 
The  order  followed  in  this  section  has  been  that  of  Danas  System 
of  Mineralogy. 
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NATIVE  ELEMENTS. 

Native  Oold  (Alloy  of  gold  and  silver). — The  abundance  of 
native  gold  at  Westonia  is  the  raison  d'etre  of  its  existence  as  a 
mining^  town,  in  fact  as  a  town  at  all.  No  compounds  of  gold  are 
known  in  the  district.  The  metal  occurs  in  ragged  grains  in  peg- 
matite veins,  which  in-  places  are  coarse  mixtures  of  quartz  and 
microeUne,  e-g.  [1/1226],  Weston's  Reward  G.M.,  in  places  pass  into 
a  typical  granite,  e.g.,  [1/1163],  Recovery  G.M.,  and  again  in  places 
I  *»sse?s  the  characters  of  ordinary  quartz  veins.  Some  of  the  latter 
ruay  not  be  genetically  connected  with  the  pegmatites,  but  in  many 
♦^M^s  thcv  have  been  traced  into  microcline-bearing  quartzes.  Tn 
aadition  to  these  minerals,  pyrite,  marcasite,  galena,  biotite,  wol- 
fram ami  molybdenite  are  the  chief  associated  minerals  of  the  un- 
weathered  zone,  and  kaolin,  iron  hydrates,  miloschite,  pyromorphite, 
wulfenite,  and  crocoite  the  chief  secondary  minerals.  At  the  Jessie 
(i.M.,  near  Boodalin  Soak,  gold  has  been,  observed  in  a  gabbro  peg- 
matite, eorji]iosed  mainly  of  coarse  green  hornblende,  with  epidote. 
This  gold  is  probably  an  infiltration  from  a  near-by  quartz  stringer. 

Only  one  specimen  of  native  gold  has  been  analysed.  This  was 
from  a  small  vugh  in  the  weathered  pegmatite  forming  the  main 
li>de  in  the  Edna  May  G.M.  at  a  depth  of  225  feet  (68  metres). 
It  contained  95.14  per  cent,  of  gold,  4.86  per  cent,  of  silver,  and 
Mnly  minute  traces  of  base  metals. 

In  addition  to  the  gold  found  in  lodes,  the  metal  is  also  found 
in  a  buried  stream  bed  (deep  lead)  on  the  Edna  May  Central  G.M. 
This  consists  of  large  and  small  quartz  pebbles  cemented  by  clay. 
Much  of  the  gold  is  in  thin  and  thick  films  on  the  surface  of  the 
lebbles  or  in  minute  cracks  in  the  pebbles  or  in  the  cementing  ma- 
terial^ [1/1222].  This  is  plainly  not  alluvial  gold  in  the  true  sense 
of  the  term,  but  secondary  gold  deposited  by  chemical  action  out  of 
f percolating  gold-bearing  solutions  during  or  after  the  burial  of  the 
stream  bed. 

METALLIC  SULPHIDES. 
Molybdenite  (sulphide  of  molybdenum). — Some  very  fine 
-J  wimens  of  this  mineral  in  pegmatitic  quartz  [1/1225]  were  ob- 
tained from  a  patx'h  in  the  Edna  May  main  lode  at  260  feet  (79 
metre*^)  in  the  Central  Mine.  The  only  associated  mineral  otliet" 
•Iian  the  quartz  is  a  little  pyrite.  The  mineral  is  in  coarsely  foli- 
ated ma.sses  up  to  two  inches  (5cm.)  in  diameter,  and  one-eighth 
inch  (."^mm.)  thick.  Odd  masses  are  scattered  through  the  quartz, 
^•at  the  chief  aggregation  is  on  a  fracture  plane,  which  is  almost 
completely  coated  with  it.  A  few  small  scales  are  also  seen 
-^attere^l  over  a  foliation  plane  of  the  biotite  gneiss  close  to  some 
interbedded  quartz  stringers  from  the  ore  body  at  the  225ft.  (68 
metres)  level  of  the  Edna  May  G.M.  [1/1224].  Mr.  Blatchford 
firther  reports  the  i)resence  of  the  same  mineral  in  the  Edna  May 
D^fey.'S  G.M. ;  and  Mr.  Stokes  has  collected  at  the  560ft.  level  in  this 
mine  a  sillimanite  gneiss  with  interfoliated  films  of  molybdenite. 
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The  patches  of  this  mineral  are  nowhere  apparently  of  suffi- 
cient extent  to  be  worth  treating  for  the  recovery  of  the  mineral, 
even  at  the  present  very  high  price  of  £5  per  unit  of  MoS^  for 
85  per  cent,  concentrates. 

Galena  (Sulphide  of  lead). — Galena  is  seen  in  only  two  speci- 
mens collected  by  Mr.  Blatchford.  One,  [1/1225],  is  a  grey  quartz 
gold  ore  from  the  big  bulge  of  the  main  lode  at  the  north-east  emi 
of  the  300ft.  level  in  the  Edna  May  G.M.  Galena  is  quite  abundant 
in  this  specimen  in  masses  up  to  one  inch  (25mm.)  in  length  with 
coarse  cubical  cleavage.  No  blende  was  associated  with  it.  A 
similar  specimen,  [1/1262],  was  collected  in  No.  1  stope  at  the 
225ft.  level  of  the  same  mine. 

Pyrrhotite  (Sulphide  of  iron). — Pyrrhotite  is  far  from  com- 
mon at  Westonia.  It  was  seen  in  a  specimen  of  the  Edna  May 
biotite  gneiss  taken  from  a  depth  of  223  feet  (68  metres)  in  Duff's 
Bore  on  the  Edna  May  Deeps  Mine.  The  powdered  rock,  on 
moistening  with  dilute  liydrochloric  acid,  yielded  a  strong  smell  of 
sulphuretted  hydrogen,  and  analysis  showed  the  presence  of  1.24 
))er  cent,  of  j)yrrhotite  associated  with  0.11  per  cent,  of  pyrite. 
Sections  of  the  rock  show  the  pyrrhotite  to  be  a  secondary  impreg- 
nation, dei)osited  mainly  in  narrow  fractures  following  the  outlines 
of  the  original  quartz  grains,  and  to  a  slight  extent  spreading  from 
these  into  the  solid  masses  of  adjacent  minerals. 

A  few  small  grains  were  detected  in  a  specimen  [1/1223]  of 
fels)>athic  quartz,  showing  free  gold,  from  the  225ft.  level  of  the 
Edna  May  Mine,  and  in  an  ore  with  much  galena  from  the  300ft. 
level  of  the  same  mine. 

Pyrite  (Bisulphide  of  iron). — Although  pyrite  is  the  most 
common  sulphide  at  Westonia,  it  is  not  abundant  in  most  mines, 
the  unoxidised  ores  containing,  as  a  rule,  only  small  proportions 
of  suli)hides.     An  exception  is  the  sulphide  ore  collected  by  Mr. 

Fig.  48. 


Crystal  of  pyrites  from  sulphide  gold  ore, 
Hill  End  Gold  Mine,  Westonla. 

Blatchford  in  the  Hill  End  Mine  [1/1263,  1/1264],  which  contains 
a  large  amount  of  ma-ssive  and  crystallised  pyrite  associated  with 
quartz  and  some  marcasite.       The  common  form  of  pyrite  crystal 
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in  this  ore  is  the  combination  of  tlie  oetahedron  and  the  cube,  vide 
Hsr.  4S. 

Small  ^ains  and  strings  of  pyrite  were  detected  in  most  of 
the  <?oimtry  rock  from  below  water  level. 

Mareasite  (Bisulphide  of  iron). — Some  specimens  of  sulphide 
•Te  from  the  Hill  End  G.M.  contain  an  iron  sulphide  which  rapidly 
••xidises  to  ferrous  sulphate  on  exposure  to  the  air,  even  withia- 
•]*«ors.  This  is  doubtless  mareasite.  It  occurs  both  alone  in  quartz, 
and  in  i)atehes  with  normal  pyrite,  see  [1/1264]. 

HALOGEN    COMPOUNDS. 

Salt,  Halite  (Chloride  of  sodium). — The  underground  waters 
-f  ihe  district  are  strongly  saline,  and,  by  leaching  with  water,  the 
f  resenee  of  dry  salt  and  epsomite  derived  from  the  water  can  be 
i»ro\ed  in  most  of  the  more  porous  weathered  rocks  at  a  little  dis- 
tance below  the  surface. 

OXIDES    AND    HYDRATED    OXIDES. 

Quartz  (Oxide  of  silicon). — Plentiful  as  a  constituent  of 
irranite:?.  gneisses,  pegmatite  veins  and  quartz  veins.  Both  the 
latter  are  frequently  payably  auriferous.  The  quartz  veins  are  in 
faany  eaf^es  only  extremely  siliceous  phases  of  the  pegmatites,  since 
m  some  of  them  occasional  microcline  crystals  are  found,  and 
uth  rejrard  to  others,  mining  operations  have  proved  their  con- 
tin  ait  v  with   undoubted  microcline  pegmatites. 

Opal  (Hydrated  oxide  of  silicon). — At  the  300ft.  level  of  tlie 
E'ina  May  Mine  a  little  opal  has  been  disclosed  in  the  ultra-basic 
^all  roek  some  distance  from  the  lode.  It  is  in  irregudar  masses 
SL-^^teiated  with  quartz,  serpentine,  kaolin,  pyrite,  and  a  rich  green 
^rthv  mineral,  probably  a  variety  of  miloschite  (q.v.).  The  opal 
b-  in' part  *'liver-opal"  [1/1269],  brownish,  and  opaque  from  in- 
•i  isions  of  kaolin,  iron  oxides,  etc.  In  part  it  is  green,  of  various 
"hades,  .sometimes  translucent,  sometimes  almost  opaque  [1/1268]. 
\n  analysis  was  made  of  some  of  the  almost  transparent,*  deep 
^a-LTeen  mineral  with  the  following  results:— 

Green  Opal,  Westonia, 


Silica,  SiOa     

9219 

Water,  HgO 

7-46 

Chromium  oxide,  Cr203 

•14 

FerroTiB  oxide,  FeO 

•18 

N  ickel  oxide,  NiO     

Nil 

Copper  oxide,  C aO 

Nil 

Mfl^esia,  MgO        

trace 

Alaiuina,  AlaOji        

trace 

99-97 

Specific  gravity    ... 

206 

•  Print  ooolA  be  read  easily  throuifb  flakes  1  mm.  iu  tbickness. 
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Green  oi)al  is  not  uncommon  throughout  the  world  in  associa- 
tion with  altering:  peridotitic  rocks,  particularly  serpentines,  and 
in  such  situations  four  possible  colouring:  agents  may  account  for 
its  tint,  viz.,  FeO,  NiO,  CuO,  and  Crfi^j  of  which  the  last  is  the 
most  intense  in  its  effect. 

riintze's  *  and   Doelter's  f   tables  show    that    iron    oxides    are 

present   in    practically   all   coloured   opals.        Leitmeier   shows    no 

nickel,  copper,  nor  chromium  in  any  of  his  47  analyses  tabulated 

in  Doelter's  Handbuch,  but  on  p.  258  says: — 

The  grecA  colour  of  the  so-called  prase  opal  is  produced  by  a  small 
proportion  of  nickel  (see  p,  246). 

And  on  p.  246: — 

An  opal  with  a  nickel  content  of  1  per  cent,  is  described  by  M.  H. 
Klaproth  from  Kosemitzer  Mt.  (Silesia),  where  it  occurs  in  association 
with  chrysoprase, 

Hintze  also,  amongst  his  94  analyses  of  opal,  has  none  which 
shows  either  nickel,  copper,  or  chromium;  but  he  too,  on  page 
1511,  refers  to  Klaproth's  18th  Century  (1795)  statement  that  one 
per  cent,  of  nickel  is  present  in  a  Silesian  green  oi^al-t 

The  analysis  of  the  Weston ia  opal  is  therefore  of  unusual  in- 
terest as  indicating  for  the  first  time  the  presence  in  this  mineral 
of  chromium  oxide,  which,  from  its  known  intense  colouring  power 
when  present  as  a  silicate  in  such  minerals  as  beryl,  fuchsite,  and 
miloschite,  must  be  the  main  cause  of  the  green  tint,  varying  from 
light  to  deep  sea-green.  The  tenacity  with  which  hydrous  silica 
will  retain  small  amounts  of  chromium  oxide,  even  in  the  presence 
of  strong  acids,  may  be  observed  in  analysing  any  chromiferous 
silicate,  such  as  fuclisite.  In  analysing  miloschite  from  Westonia 
the  author  found  that  Cr,0„  to  the  extent  of  0.25  per  cent,  of  the 
SiO,,  was  the  only  impurity  retained  by  the  hydrous  silica$  after 
several  treatments  with  strong  hydrochloric  acid,  followed  by  com- 
plete washing  with  water.  The  ignited  silica  was  distinctly  green 
in  colour  w^hen  wetted. 

The  original  source  of  the  chromium  oxide  in  this  chromiferous 
opal  is  the  chromite  of  the  basic  rocks. 

Rutile  (Oxide  of  titanium). — Only  three  occurrences  of  rutile 
were  noted.  The  most  interesting  was  in  the  sillimanite  gneiss 
from  tlie  Hill  End  G.M.  where  it  is  seen  under  the  microscope  in 
innumerable  pale  yefllow  needles  embedded  in  bleached  (chlori- 
tiscd)  biotite.  The  original  unbleached  mica,  which  is  deep  brosvn 
in  colour,  ife  evidently  highly  titaniferous,  like  several  brown  bio- 
tites  tabulated  by  Hintze  and  coming  from  Norway,  Russia,  Ger- 
many and  the  United  States.       These  have  been  found  to  contain 


•  Hintze,  Handbuch  dor  MIneralogie,  I,  pp.   1535-8. 

t  Leitmeier  in  Doelter,  Handbuch  der  Mincralchemic,  II,,  pp.  242-6. 

}  On  page  194  of  the  1889  Issue  of  the  5th  Edition  of  J.  D.  Dana^s  System  of  Mineralogy 

the  complete  analyses  of  this  nlckeliferous  opal,  by  Klaproth  and  Rammelsberg. 

are  given.      Klaproth  found  1-00  per  cent.  NIO,  Rammelsberg,  0-41  per  cent. 
§  Obtained  by  evaporating  with  hydrocblorio  acid  the  fusiou  with  alkali  carbonates. 
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from  3.16  to  4,68  per  cent,  of  combined  titBnio  oxide.  The  con- 
veraioa  of  aiiefa  a  titwiiferous  biotite  into  chlorite  evidently  leads  to 
'tc  titanium  dxide  cr>stalliaing  out  in  the  form  of  rutile  needles. 
in  some  of  the  altered  biotite  flakes  in  the  Hill  End  gneiss,  the 
mile  needles  are  distributed  quite  irregul»rly,  vide  lower  left-hand 


Photo :   E.  S.  Slmpton. 
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-ide  of  Fig.  4(i.  Tn  others  the  riitile  needles  form  a  perfect  freo- 
mwrieal  web  (sagenite),  due  to  hvinninp  on  (101),  vide  top  right 
liaod  siile  of  Fig.  4!t.  A  beautiful  instance  of  the  occurrence  of 
Mjculatcd  rutile  in  an  altered  biotite  is  described  under  the  heading 
"Biotile"  on  p.  237. 

Iranuiar  rutile  was  obsen-ed  embedded  in  t!ie  scaly  railoseliite 
'riim  the  Edna  May  Central  G.M. 

Iliaenite  (Oxide  of  iron  and  titanium). 

Kafnetite  (Oxide  of  iron). — These  two  minerals  occur  in 
mitroseopie  grains  as  minor  constituents  of  the  various  greenstones. 
'n  a  few  inalanees  the  ilmenite  was  observed  to  be  wholly  or  partly 
^tered  int«)  aniorphons  lencoiene  (doelteritel). 

Chrranite  (Chromite  of  iron). — This  was  proved  to  be  pres- 
™  in  minute  black  grains  to  the  extent  of  0.24  per  cent,  in  the  ser- 
pentinised  peridotite  from  DufTa  Bore,  Edna  May  Deeps  Lease. 
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Chromite  is  the  original  source  of  the  chromium  of  three  secondary 
minerals  found  in  the  zone  of  weathering^  viz.,  erocoite,  green  opal, 
and  miloschite. 

Limonite  and  other  iron  hydrates  are  abundant  in  the 
weathered  rocks  and  soils. 

Asbolite  (Hydrated  oxide  of  manganese  and  cobalt).— A  thin 
black  coating  on  a  fracture  face  of  a  pegmatite  from  the  Edna  May 
Central  G.M.  was  proved  to  be  asbolite  moderately  rich  in  cobalt. 

CARBONATES. 

Dolomite  (Carbonate  of  calcium  and  magnesium). — A  carbon- 
ate which,  from  its  chemical  behaviour,  is  probably  dolomite,  occurs 
to  a  small  extent  (under  one  per  cent.)  in  scattered  granules  in  a 
si)ecimen  of  biotite  gneiss  from  Duff^s  Bore  at  223  feet  (67  metres), 
the  analysis  of  which  is  given  on  page  293. 

Magnesite  (Carbonate  of  magnesium). — From  the  Edna  May 
Deeps  Lease  a  large  nodule  of  pure  white  magnesite  has  been  col- 
lected. No  details  are  available  as  to  its  occurrence.  Mr.  Blatchford 
observed  concretions  of  impure  magnesite  in  the  surface  soil  in 
the  vicinitv  of  Boodalin  Soak. 

ANHYDROUS  SILICATES. 

Orthoclase  and  Microcline  (Silicates  of  aluminium  and  potas- 
sium).— Orthoclase  has  not  been  definitely  recognised  at  Westonia, 
but  as  no  typically  crossed  twinned  microcline  is  visible  in  the  Edna 
May  gneiss,  the  potash  not  present  as  biotite  in  that  rock  is  thought 
to  exist  as  orthoclase, 

Microcline  has  been  recognised  by  the  Petrologist  in  the  main 
granite  batholith,  in  a  granite  dyke  one  mile  north-west  of  Westonia 
townsite,  and  in  the  gneiss  of  the  Battler  Group.  In  variable 
amounts  it  is  a  constant  constituent  of  the  pegmatite  veins,  includ- 
ing the  auriferous  ones,  such  as  the  Edna  May  "main  lode,"  in 
wliich  gold  is  sometimes  found  embedded  in  felspar,  as  also  in  the 
granite  dyke  of  the  Recovery  Mine.  From  a  reputedly  auriferous 
pegmatite  vein  on  the  Violet  May  Lease,  2878,  west  of  Boodalin 
Soak,  Mr.  Blatchford  collected  a  specimen  [1/1261]  of  very  coarsely 
crystallised  white  microcline  associated  with  quartz,  the  masses  of 
felspar  being  several  inches  square. 

Owing  to  the  ease  with  which  microcline  passes  into  kaolin  in 
the  presence  of  weathering  pyrite,  the  microcline-bearing  pegma- 
tites pass  upwards  into  vughy  quartz  veins,  in  which  the  hollows 
left  by  the  weathering  out  of  the  felspar  become  repositories  of 
various  secondary  minerals  such  as  pyromorphite. 

Oligoclase  (Silicate  of  aluminium,  sodium  and  calcium). — ^A 
felspar  identical  with  oligoclase  or  closely  related  to  it  is  common 
in  the  granite  and  gneiss. 
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(Silicate  of  aluminium,  sodium  and  calcium). — 
Common  in  the  more  felspathic  amphibole  rocks. 

Pyroxene,  Augite  (Silicate  of  calcium,  magnesium,  iron  and 
aluminium). — This  is  rare  as  a  rock^forming  mineral  in  the  Wes- 
tonia  district,  being  recorded  by  the  Petrologist  in  only  three  rocks. 
The  rarity  is  to  be  ascribed  to  the  wide-spread  uralitisation  that  has 
affected  the  greenstones  of  the  area. 

Garnet,  Almandine?  (Silicate  of  aluminium  and  iron). — A 
^ery  dark  red  garnet  of  undetermined  species  occurs  in  a  gamet- 
>illimanite  schist  near  the  Battler  G.M.  The  crystals,  which  are 
trapezohedra  (211),  wuth  occasional  small  faces  of  the  rhombic 
doilecahedron  (110),  reach  up  to  %  inch  (10  mm.)  in  diameter. 
They  resemble  Danas  Figs.  1  and  2  (System,  VII.  Edit.,  p.  438). 
The  Petrologist  has  noted  the  presence  of  small  red  garnet  crystals 
in  a  fine-grained  white  granite  from  250  feet  in  No.  3  Bore,  Edna 
May  Lease. 

Chrysolite,  Oliyine  (Silicate  of  magnesium  and  iron) -- 
ItiL*  mineral  is  abundant  in  a  partly  scrpentinised  actinoFite- 
l»eridotite  passed  through  in  Duff's  Bore,  Edna  May  Deeps  Lease, 
at  a  depth  of  about  460  feet  (140  metres),  and  again  at  570  feet 
(173  metres).  Whilst  some  of  the  mineral  has  been  converted  into 
'^erjenline,  a  considerable  proportion  is  seen  under  the  microscope 
To  be  still  (juite  fresh,  colourless,  and  transparent,  with  typical  high 
birefringence,  though  much  cracked. 

Zircon  (Silicate  of  zirconium). — Minute  colourless  prisms 
of  zircon  were  observed  in  sections  of  the  biotite  gneiss  of  the 
Kdaa  May  Group,  in  sections  of  the  sillimanite  gneiss  of  the  Hill 
Knd  Mine,  and  in  concentrates  from  a  microcline  pegmatite. 

Andalusite  (Silicate  of  aluminium). — ^A  single  specimen  of 
tliis  has  been  obser%'ed.  It  was  collected  on  the  Edna  May  Consoli- 
«lated  licase,  2617.  It  is  in  a  mass  of  pale  pink,  slightly  divergent 
1  risms,  with  prismatic  cleavage.  Its  density  is  3.10;  hardness,  7; 
and  j)leochroism  strong,  deep  pink  to  colourless.  A  qualitative  test 
-howeti  the  prercuee  of  large  proportions  of  silica  and  alumina  (60 
I  er  cent.),  with  traces  of  iron,  manganese,  and  magnesia.  Lime  and 
Iwric  acid  were  shown  to  be  absent.  The  only  associated  mineral 
i^  moseovite. 

Sillimanite  (Silicate  of  aluminium). — This  mineral  is  abundant 
in  a  contact  rock,  a  gamet-siUimanite  gneiss  or  schist,  about  one 
mile  south  of  the  Battler  G.M.  The  rock  consists  largely  of  isolated 
^bres,  and  thick  bundles  of  Hbres,  of  almost  colourless  sillimanite, 
witli  numerous  flakes  of  brown  biotite,  large  crystals  of  garnet  and 
trraniilar  quartz  and  microcline.  The  rock  is  probably  an  altered 
liornblende  granite  or  granodiorite. 

A  second  rock  [1/1156]  from  the  Hill  End  Mine  is  a  typical 
pale  grey,  dense  and  tough  sillimanite  gneiss,  composed  of  quartz, 
Wspar,  and  biotite,  with  abundant  colourless  needle  of  sillimanite, 


either  isolated  or  a^^egated  in  lliick  bunehes  and  sheaves,  which  <o 
the  imaided  eye  appear  in  a  Ihin  s«tion  to  be  in  parallel  lenses  fol- 
lowing the  lines  of  aehistosity.     See  Figs.  50  and  51.     The  needles 


Pbalo:   E.  S.  Simpaon.  Neg.    1598. 

SillimanlU  In  gneiss,  Hill  End  Gold  Mine, 
Wsstonia. 

(X  45) 

nt'e  coloiirle.ss,  often  etraighl,  but  frequently  cun-ed,  The  crystals 
are  bo  wiiall  in  iliaraeter  and  so  thoroughly  embedded  in  quartz  or 
felspar  tliat  their  uptii'al  properties  were  only  detcrminaiile  in  tho 
tliinnesi  portion  of  the  sections  {0.02rani).  Their  mean  refractive 
index  was  found  to  be  dislinetly  higher  than  quartz,  double  refrac- 
tion hifirh,  not  markedly  different  from  that  of  tremolitc.  hut  tlie 
fxlinetion  is  invmiably  straight,  Z  being  parallel  to  the  elongation. 
Kei-lnn>;)itar  cross  fractures  are  not  infrequent,  atid  the  nci.-illes  pass 
iinintorniiitfcdly  right  through  sevpral  adjacent  quartz  grains.  The 
silHinanite  is  unevenly  distributetl  and  in  any  niieroseopic  tield  is 
most  abundant  in  those  portions  of  Ihe  section  which  contain  lea.-'t 
feb^liar  and  biotile.  both  of  wiiieh  minerals  are  only  very  rarely 
peuetraled  by  needles  of  the  sillimanite. 

In  botli  rocks  the  average  diameter  of  the  needles  is  only  about 
l-2(10th  mm  1 1 -:>..')Olltli  inch),  the  largest  reaching  to  l-36lh  mui 
(l-7.')0[h  inch).  They  are  invisible  in  hand  S[>ecimcn3  of  the  Hill 
Knd  rock,  but  ]>arallel  bundles  of  fibres  are  easily  seen  with  the 
unaided  eye  in  (lie  garnet-sillimanite  gneiss. 

Recently  Mr.  H.  O.  Stokes  has  collected  a  typical  coarse  silli- 
manite gneiss  at  the  5G0ft.  level  of  the  Edna  May  Deeps  Mine,  where 
it  fotuis  a  band  in  the  Edna  May  biotito  gneiss.    In   this  rock   the 


':r}3tale,  whicli  are  of  a  i^ale  browa  lint,  not  infrequently  reach 
■^niin.,  atul  at  tjniea  5ttua.,  in  diaraeter.  Tliey  are  either  simple  unit 
<ris[iw,  ur  eomtiinations  of  (100),  (110)  and  (001).  (Dee  Cloiseeus' 
■rjfntation. ) 

Tiie  only  otiicr  locality  in  tlic  State  at  which  I  have  observed 
•:lliiimnile  is  on  llie  shore  at  Ellensbrook,  between  Capes  Naturaliste 
ii'iil  I«eiin'in,  where  it  ucenrs  in  foliation  {ilonee  of  a  gurneliferoua 

Tlie  e.xoc-t    details  of  the  genesis  of  siUinianite  in  a   granite 

;iiej>s  liave  not   been  worke<l  out,  but,  theoretically,  by  interaction 

Mfteen   inicrocline  and  an  aluminous  hornblende    (both  of  which 

.I'l'  krKiun  lo  be  primary  conslit uents  of  the  less  altered  Edna  May 

Fig.   51. 


Photo:  E.  B.  airapnon.  Neg.  1597. 

SiUlmaalte  In  gneiss,  Hill  End  Gold  Mine, 
Wastonla. 

(X   45) 
^'^tissj  it  should  be  possible  lo  develop  at  high  temperatures  a  mix- 
'  ire  of  biotite,  sillimanite,  and  gamet,  or  other  lime  silicate,  with 
'''•■  aid  of  but  little  or  no  carbonic  acid,  which  last  is  known  not  to 
i  ave  |ilaye<l  an  important  part  in  the  metasomatism  of  the  Wcstonia 

Tlius: 
'IMg.  Fc(/:iSi.O„-6  (Mb.  FR)^Al,Fe)^ShOn  +  8KAL'ii,0„  +  4H,0        Vield 

Horablende  Microeline        Wat«r 

4AV»iOi  +  8  [Al,Pelj(S^.Fe)^H.li,0„  +  4  Ca(Mit.Fe).iAljSi,On  +  12SiO,. 
SHiniuute  Biotite  Garnet  Qu4rt^ 
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Tlie  simultaneous  developin^nt  of  secondary  quartz  alifl  silH- 
manite  will  explain  the  otherwise  inexplicable  penetration  of  Several 
adjacent  quai'tz  grains  by  minute  straight  needles  of  silliittanite. 
and  also  the  paucity  of  felspar  in  the  immediate  vicinity. 

Titanite  (Sphene)'  (Titano-silicate  of  calcium). — ^Large  grains 
and  occasional  typical  wedge-shaped  crystals  of  this  mineral,  of  a 
honey-yellow  eoloui*;*  are  present  in  abundance  in  tbe  biotite  gneiss 
of  the  Edna' May  group.  Small  granules  are  recorded  by  the  Pet- 
rodogist  in  very  many  of  the  greenstones. 

HYDROUS  SILICATES. 
Amphibole — ^Actinolite  and  Hornblende  (Hydrous  silicates  of 
calcium,  magnesium,  and  iron,  the  latter  also  with  aluminium). — 
Green  ampliiboles,  usually  secondary,  and  referable  to  these  two 
species,  are  abundant  in  the  amphibolites  and  epidiorites,  and  occa- 
sionally replace  the  biotite  of  the  gneiss  of  the  Edna  May  group. 
An  auriferous  gabbro  pegmatite,  from  the  Jessie  G.M.,  is  composed 
mainly  of  large  (5cm.)   greenish  black  hornblende  cr\'stals. 

Zoisite  (Hydrous  biiicate  of  aluminium  and  calcium). — Occurs 
in  minute  niicroscoj)ic  granules  in  many  of  the  hornblende  rocks. 

Epidcte  (Hydrous  silicate  of  aluminium,  iron  and  calcium). — 
Coarse  masses  of  prismatic  epidote  of  a  pale  honey  yellow  colour 
are  seen  filling  the  interstices  between  the  large  hornblende  crystals 
of  a  gabbro  pegmatite  from  the  Jessie  Gold  Mine,  near  Boodalin 
Soak,  ^^icroscopic  granules  of  epidote  are  not  uncommon  in  some 
of  the  altered  hornblende  rocks. 

Muscovite  (Hydrous  silicate  of  aluminium  and  potassium). — 
This  mineral  has  not  been  observed  in  the  district  except  in  a  peg- 
matite on  G.M.L.  2f)17,  and  on  rare  occasions  as  microscopic  scales 
replacing  felspar.  This  paucity  of  muscovite  is  in  marked  contrast 
to  the  conditions  prevailing  in  many  others  of  the  important  gold- 
minins:  centres,  wliere  secondary  sericite  is  abundantly  developed  in 
or  adjacent  to  auriferous  lodes. 

Biotite  (Hydrous  silicate  of  aluminium,  iron,  magnesium,  and 
l)otassium).— Brownish  black  biotite  is  abundant  at  Westonia, 
chiefly  as  a  prominent  constituent  of  the  Edna  May  gneiss.  Not 
uncommonly  it  is  found  in  large  flakes  in  the  auriferous  pegmatite. 
fi.g,,  at  225ft.  in  the  Edna  May  Mine  [1/1260].  Fine,  scaly  biotite 
is  also  ju'esent  in  the  auriferous  pegmatite  of  Weston's  Reward 
G.M.  As  a  secondary  mineral  it  is  not  rare  in  altered  types  of  both 
homblendic  and  peridotitic  greenstones.  The  colour  throughout  is  a 
typical  red  brown,  with  optic  axial  angle  apparently  nil.  In  the 
sillimanite  gneiss  of  the  Hill  End  Mine  many  of  the  brown  biotite 
flakes  are  completely  bleached,  and  such  flakes  contain  a  reticulated 
collection  of  rutile  needles.  The  original  mineral  must,  therefore, 
be  highly  titaniferous.     In   sj)ecimens   of  lodestuff   (coarse  micro- 
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dine  pegmatite)  from  550ft.  in  the  Edna  May  Deeps  G.M.,  all  the 
btage^  of  alteration  can  be  seen,  from  eoarsely  orystalHsed  red- 
brown  biotite  devoid  of  nitile  through  partly  bleached  biotite  earry- 
in^r  many  nitile  needles  in  the  altered  portions  to  a  greenish  grey, 
eoarsely  foliated  eldorite  enclosing  a  dense  network  of  yellow  rutile 
crvst  als. 

Chlorite  (Hydrous  silicate  of  iron,  magnesium,  and  .a]u< 
nunium). — Scales  of  chlorite  are  common  in  the  greenstones,  but  no 
completely  chloritised  rocks  (propylites  or  chlorite  schists)  are 
known.    For  pseudomorphs  after  biotite,  vide  supra. 

Serpentine  (Hydrous  silicate  of  magnesium). — 'This  was  oh- 
serred  in  a  partly  serpen tinised  olivine  rock  in  Duff's  bore  on  the 
Edna  May  Deeps  Mine,  Avhere  it  was  for  the  most  part  pseudo- 
raorphous  after  olivine.  It  is  also  seen  in  the  workings  of  the  Edna 
May  Mine. 

CbrysocoIIa  (Hydrous  silicate  of  copper). — This  is  the  only 
ropper-bearing  mineral  detected  at  Westonia.  A  few  small  bluish 
CTeen  grains  are  seen  in  the  wulfenite-bearing  quartz  from  the 
Edna  ^lay  Deeps  Lease.  These  are  not  readily  attacked  by  nitric 
acid  but  break  up  with  hydrofluoric  acid,  giving  a  solution  which 
reacts  for  copper.  The  grains  appear  to  be  a  mixture  of  chryso- 
oi)lla  and  silicified  kaolin. 

Kaolinite  and  Halloysite  (Hydrated  silicates  of  aluminium). — 
These  minerals  are  common  as  finely  divided  constituents  of  the 
clays  resulting  from  the  weathering  of  the  granites,  pegmatites, 
and  greenstones.    In  their  ordinary  form  they  call  for  no  comment. 

Miloscliite,  the  chromiferous  variety  of  kaolinite,  is  a  suffi- 
fiently  rare  and  little  known  mineral  to  be  worthy  of  detailed 
notice.  It  occurs  in  several  mines  of  the  Edna  May  group  at 
Westonia  either  in  fine  or  coarse  scales,  up  to  five-eighths  inch 
(15imn.)  in  diameter,  which  are  probably  pseudomorphs  after 
fuehsite  (chromiferous  muscovite),  or  in  earthy  masses  which  may 
be  alteration  products  of  other  aluminous  silicates.  It  is  disting^uish- 
ablc  in  appearance  from  fuehsite  bj'  its  greenish-blue  to  bluisli- 
sreen  colour  and  by  the  finely  wrinkled  surface  and  pearly  lustre 
of  the  scaly  mineral.  Furthermore,  it  is  softer  and  more  friable 
than  the  mica.  Chemically  it  is  distinguished  by  the .  absence  of 
potash  and  by  the  large  yield  of  water  on  ignition. 

Tabulated  Comparison  of  FucJmte  and  Miloschite, 

Fuehsite.  Miloschite. 
Greenish  blue  or 

Colour.                                             Emerald  green.  bluish  Kteen, 

Luatre  of  flakes Vitreou  s  Pearly 

•♦ensity...            2-84  2-58 

Hardness 2  to  3  1)  to  2 

Elasticity            high  very  small 

Water  content,  %        4i  14 

Potash  content,  %        11  nil 
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Miloschite.  was  first  described  in  1838,*  on  materially  from 
Serbia.  Tlte  original  imperfect  descriptions  were  augmented  only 
in  1S94  by  Losanitsch^f  who  considered  that  lie  had  found  two  sub- 
stances present  in  the  Serbian  material,  a  bluish  crystalline  mineral, 
miloschite,  the  chromiferous  equivalent  of  kaolinite,  arid  a  <  green 
amorphous  mineral,  alexandrolite,  possibly  the  chromiferous  equi- 
valent-of  h«ilo5!site...  Losanitsch's  analysis  of  the  Serbian  miloschite 
agrees  closely  with  the  theoretical  composition  of  a  chromiferoms 
kaolinite,  viz.,  with  (Al,Cr)A-2SiO,.2H,0,  but  an  earlier  (1839), 
probably  unreliable,  analysis  by  Kersten  shows  much  more  water, 
whilst  the  relative  amounts  of  silica  and  alumina  are  transposed. 
Several  "chrome  ochres"  (including  selwynite),  which  have  been 
described  from  time  to  time,  are  undoubtedly  impure  miloschite  (or 
alexandrolite,  if  this  is  distinct  from  miloschite),  mixed  with  fucli- 
site  and  sometimes  talc,  and  resulting  from  the  partial  or  complete 
decomposition  of  fuchsite  rocks. 

The  latest  and  most  complete  description  of  miloschite  is  that 
of  the  mineral  from  Ely,  Nevada,  by  E.  T.  Wherry  and  G.  V. 
15rown.t  Their  "formal  description"  requires  consideration  in  two 
respects.  They  describe  the  mineral  as  monoclinic,  biaxial,  with 
axial  angle  about  90°,  but  they  give  the  refractive  indices  as  a  and 
/3,  1.552;  and  y.  1.559  (all  ±  0.003).  It  is  evident  that  if  a  and/3 
are  really  equal,  the  mineral  is  uniaxial  and  the  optic  axial  angle 
is  nil,  but  witli  a  possible  error  of  ±  0.003,  a  may  be  1.551  and 
/3  1.553,  which  would  give  an  optic  axial  angle  somewhat  less  than 
90°.  They  do  not  give  the  sign  of  the  birefringence,  but  if  a 
almost  equals  j],  the  sign  is  positive,  though  all  authorities  (Dana, 
Miers,  Zirkel,  etc.)  are  agreed  that  kaolinite  is  negative.  The 
optical  orientation  of  tlie  Nevada  mineral  is  stated  to  be  indeter- 
minate. 

The  density  given  by  them  is  2.1  +,  which  cannot  be  reconciled 
with  that  of  normal  kaolinite,  viz.,  2.57  —  2.63,  since  a  slight  re- 
j?lacement  of  aluminium  by  chromium  should  only  slightly  alter  the 
density  of  kaolinite,  and  that  in  an  upward  direction,  chromium 
having  a  higher  atomic  weight  than  aluminium. 

The  Ne\ada  mineral,  like  that  previously  described  from 
Serbia,  was  moderately  impure,  as  the  analysis  in  the  table  below 
shows.  Thus,  in  addition  to  the  essential  alumina,  chromium  oxide, 
silica  and  water,  it  contained  nearly  one  per  cent,  of  ferric  oxide, 
which  may,  however,  be  an  isomorphous  replacement  of  alumina, 
and  therefore  an  intrinsic  constituent  of  the  mineral.  Further,  it 
contained  J  0.37  per  cent.  Ilime,  0.11  per  cent,  magnesia,  and  0.2S 
]  er  cent,  potash,  which  can  only  be  present  as  mineral  inclusions 
such  as  mica,  etc.  If  the  potash  represent  unaltered  fuchsite,  then 
the  analysed  material  contained  not  less  than  2.5  per  cent,  of  this 

•  J.  pr.  Chera.,  1838,  XV,.  327. 
t  Chcm,  News,  1894.  LXIX.,  243. 
X  Amcr.  MlnpraloglKt,  1916,  I.  63. 
§  Mean'  values  of  the  two  analyses. 
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mineraL     In  addition,  the  Nevada  milosehite  contained  some  foreign 
faae-bearing*  and  nMignesium-bearing  silicates,  such  as  talc,  etc. 

Special    interest   therefore  attaches  to  the  Westonia  mineral, 
«i]ieh  is  proved  by  analysis  to  be  so  mneh  purer  than  anything 
previously  described.     To  obtain  material  for  analysis,  a  specimen 
[1  1272]   from  the  north  crosscut  at  the  75ft.  (23  metres)  level  of 
t^ie  Edna  May  Central  G.M.  was  chosen.    This  was  strongly  foliated 
Mid  tender    to    handle,  and    consisted    apparently  wholly  of   pale 
eau-de-nil  coloured  scales,  in  one  part  of  the  specimen  fairly  coarse 
('1  to  3  mm.),    in  another  distinctly  smaller,  the  whole  sp^imen 
Slaving  the  structure  of  a  mica  schist.     Some  of  the  coarser  por- 
tiua  was  broken  off  and  rubbed  lightly  for  some  time  in  a  porce- 
lain mortar   and   then  divided,  by  sifting,  into  two  portions,  viz., 
bit  A,  the  fine  flakes  which  passed  a  60-mesh  sieve,  and  Lot  6,  the 
larger  flakes,  whieli  refused  to  pass  that  sieve.    Both  lots  were  well 
washed  with  dii^ tilled  water  to  remove  common  salt  and  magnesium 
>ulphate  derived   from  the  very  saline  mine  waters.     The  washed 
mineral    was    then    thoroughly   air-dried   and   disintegrated   before 
aualy^.     The    analytical  results  are  given   in   the   accompanying 
table: — 

Analifses  of  Milosehite. 


Water  at  100  dcg. 
Ratile    . . 


Ely, 
Nevada. 

/o 

Westonia,  W.A. 

Rudniak, 
Serbia. 

o/ 

Lot  A. 

Lot  B. 

/o 

o/ 
/o 

mols. 

muls. 

■  ■ 

3-64 

■   • 

0-98 
0-67 

•  • 

.... 

0-89 
0-32 

. . 

A  nalysis 

Wtler,  H,0      .  - 
Silica,  SiO, 
Alumina,  Al^O, 
^luomium  oxide,  Cr,0, 
Iron  oxide,  Fe^O^ 
lime,  CaO 
Magnesia,  MgO 
Potash,  K,0    . . 
Soda,  Na,0 


of  Dry  Miiteral  free  from  Rvtile. 

771 

776 

380 


13-76 

46-37 

30- 18 

975 

•91 

•  • 

trace 
trace 


ToUla 


r 


13-76 

13-89 

45-06 

46-84 

35-66 

37-95 

3-99 

1-22 

-89 

-06 

-38 

Nil 

-11 

-36 

•29 

-07 

■  • 

-04 

} 


9 


14- 03 

46-39 

38-88 

1-02 

•05 

Nil 

-19 

•05 

-02 


100-97      100-14 


Density 


} 


778 
769 

387 


4-6 


In  this  table  are  given,  for  comparison,  Losanitsch^s  analysis 
of  Serbian  milosehite,  and  the  figures  for  the  Nevada  mineral  re- 
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calculated  after  deducting  only  the  water  lost  at  165**.  •Wherry 
and  Brown*  recalculate  their  mean  figures  after  deducting  also 
all  lime,  magnesia,  and  potash.  This, >< however,  must  lead  to  in- 
correct and  misieading  results,  as  these  constituents  cannot  possibly 
occur  as  an  admixture  of  the  free  oxides,  nor  is  any  natural'  com*. 
pourrd  known  of  any  two  or  of  the  three  of  them.  It  is  praetically 
certain  that  they  are  present  as  silicates  or  alumino■^ilicate^|  and 
if  the  hases  are  deducted  from  the  totals,  the  corresponding  amounts 
of  silica  and  alumina  should  also  be  deducted.  These  not  being 
ascertainahlle,  I  have  left  the  lime,  magnesia,  and  potash  in  the  final 
results. 

In  the  case  of  the  Westonia  miloschite  the  analyses  reveal  that 
there  is  no  appreciable  difference  between  the  coarser  flakes  which 
resisted  the  partial  disintegration  in  the  mortar  and  the  finer  flakes 
which  readily  separated  and  passed  through  the  fine  sieve.  Both 
agree  very  closely  with  the  theoretical  composition  required  by  the 
formula:  (Al,Cr)205.2Si02.2H20.  In  recalculating  the  original 
figures  of  the  analysis,  the  small  amount  of  water  lost  at  100°  was 
rejected,  as  it  was  plainly  not  an  essential  constituent.  All  the 
titanium  oxide  also  was  rejected,  as  complete  proof  of  its  existence 
as  finely  granular  rutile  was  readily  obtained.  Both  analyses  show 
a  small  content  of  magnesia,  a  constituent  foreign  to  the  theoretical 
composition.  It  is  highly  probable  that  this  exists  as  interleaved 
scales  of  talc.  If  the  magnesia  be  deducted  from  the  analytical 
results,  together  with  the  proportions  of  silica  and  water  necessary 
to  form  talc,  the  remaining  constituents  are  present  in  the  follow- 
ing proportions: — 

I^t  A. 

(Al,Gr,Fe)..(),  . .     0.994 

SiO,  ..         ..     1.998 

H,0  ..         ..     2.009 

It  will  be  observed  that  the  proportion  of  chromium  present 
in  the  mineral  analysed  was  considerably  less  than  in  the  minerals 
from  Serbia  and  Nevada.  In  a  second  specimen  [1/1274]  from  the 
same  spot,  viz.,  the  75ft.  level  of  the  Edna  May  Central  Mine,  some 
nmch  larger  flakes  of  miloschite  are  present  (up  to  five-eighths 
inch)  which  are  considerably  deeper  in  colour,  approaching  a  tur- 
quoise blue.  This  depth  of  colour  was  found  to  be  partly  due  to  a 
slightly  higher  percentage  of  chromium,  viz.,  1.50  per  cent,  of  CrjO,, 
and  partly  to  the  state  of  aggregation,  the  mineral  being  in  dense 
cleavable  masses,  practically  devoid  of  air  films  between  the  cleav- 
ages. The  deeper  green  portion  of  a  variously  shaded  green  earthy 
clay,  carrying  much  free  gold,  and  collected  also  in  the  Central 
Mine,  was  found  to  contain  7.4  per  cent.  CnOa. 

The  Westonia  miloschite  is  very  resistant  to  hot  concentrated 
(lOE)    hydrochloric  acid,  but  is  completely  and  rapidly  dissolved 

♦  1a)C.  cit. 
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>.v  wiamtf/ eonceotrated  (20E)*bydrofluonc  acid.  Hot  r -fuming  sul- 
iiTBie  and  dissolves  out  the: bases,  leaving  sealfis  of  silicic  acid  of 
e  same  ftze  and  shape  as  the  original  mineral.  Fusion  in  the  air 
:ti.  alkali    carbonates   completely  decomposes  it,  folsning  yellow 

■- viU  eliixjmate  soluble  in  water.  Heating  to  a  ,low  red^«heat  drives 
1  most  of  the  combined  water,  and  causes  a  great  part  of  the  oolour 

' '  tiisappear  oi^'ing'  to  the  formation  of  air  films  in  \k»\  mass.    The. 

-oerai  does   not  appreciably  exfoliate  during  beating,,  and  is  in- 

':<ble  before  the  blow-pipe. 

The  apparent  outward  form  of  the  Westonia  miloschite  is  not 
"i-ssarilv   its   intrinsic  form,  but    mav  be    that    of    the    fuchsite 

•  :in>!iie  mica),  after  which  it  is  pseudomorphous.  The  mineral 
*  ruiirhout  possesses  a  jierfect  basal  cleavage,  but  many  of  the 
I'T^er  flakes  are  seen  under  the  microscope  to  be  complex,  having 
a  ^rey  dusty  interior,  due  to  the  aggregation  of  minute  scales  within 
* ."  larger  plate.     This  appearance  is  characteristic  of  much  kao- 

r..w.    On  the  other  hand,  a  large  proportion  of  the  smallest  scales 

r  niihisehite  are  homogeneous  and  possess  optical  properties  re- 
-jr^d  to  their  form.  They  are  biaxial,  with  such  a  small  difference 
:n  rffrinjrenee  along  the  two  axes  of  elasticity  lying  approximately 
;«arallel  to  the  surface  of  the  flake,  that  lamellsB  lying  at  right 
ir-irles  to  the  axis  of  the  microscope  appear  uniaxial  with  parallel 
{olariseil  liffht,  but  give  an  indistinct  biaxial  figure  with  convergent 

ijljt.  The  third  axis  is  rouglily  normal  to  the  surface  of  the  flake, 
■'pA  the  refrinsrence  along  this  axis  is  shown  by  a  quartz  wedge  to 

e  distinctly  less  than  along  either  of  the  other  axes,  first  order 

r:*ertVrenee   tints  being  obtained  with  the  finely  divided  mineral. 

\ttemptp  to  determine  the  refractive  indices  by  means  of  a  Herbert 
^riiith  refractometer  failed  owing  to  the  wrinkled  surface  of  the 
riakes  and  their  frequently  composite  character.     The  optical  pro- 

•♦-rties  mav  be  summarised  thus: — 

a  '\  ^3  =  y  (  —  )  :  optically  negative :  (t  approximately  normal 
*<•  the  surface  of  the  flakes,  I'.c,  approximately  parallel  to  the  ver- 
'K*.-!!  c-rj'staUographie  axis.  Mean  refractive  index  (by  immersion) 
lightly  greater  than  1.54.  Pleochroism  inappreciable.  Opaque, 
*xeept  mnler  the  microscope  in  very  thin  scales.  Colour,  very  pale 
-Te«^nish  blue,  through  turquoise  blue  to  deep  bluish  green,  the  depth 
••!  colour  increasing  with  rise  in  tlie  percentage  of  chromium  pre- 
H*nt.  Lustre  of  scales,  satiny  or  nacreous;  of  earthy  mineral,  dull 
♦rarthv. 

The  habit  of  the  mineral  varies  from  earthy  through  fine  scaly 
t«»  coarse  lamellar,  the  surface  usually  minutely  wrinkled.     Perfect 

•  leavage  in  the  scales.      Hardness,  1.5  to  2.0,  difficult    to   estimate 
Mwin^  to  the  fragility  of  the  aggregates.     Density,  1.58  to  1.59. 

The  mineral  has  been  recorded  from  the  Edna  May  Central, 
the  Edna  Mav  Golden  Point,  and  the  Edna  Mav  Consolidated  mines. 
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Its  occurrence  in  tlie  first-named  mine  is  illustrated  in  Figr*  52.  Ii 
this  jmnn,  in  the  north  crosscut  at  the  75ft.  level,  all  the  rocks  are 
almost  completely  kaolinised.      In  the  peridotite,  along  its  juneti)n 


Pig.  52. 

'KAOLINISED        PERIOOTITE  ^ 

.y^ /    /     ^    / 

^ONA^MAYGNEJSS 


Vertical  section  showing  occnrrence  of  miloschite  in  north  crosscut, 

75ft.  level,  Edna  May  Central  O.M. 

with  the  Edna  May  pieiss  and  with  a  granite  dyke,  thin  sheets  of 
what  is  practically  a  miloschite  schist  are  found.  This  yielded  the 
material  analysed.  In  addition  it  is  found  as  a  massive  earthy 
clay,  extremely  fine-grained  and  slightly  tinted  a  greenish  blue,  en- 
closing in  places  nests  of  thick  and  broad  lamellae  of  a  rich  green- 
ish blue  tint.  In  one  part  of  the  w^eathered  greenstone  in  this  mine, 
sporadic  lumps  of  deep  green  earthy  miloschite  are  found  enclosing 
much  "paint*'  gold.  This  close  association  of  secondary  gold  with 
miloschite  show^s  the  necessity  of  studying  in  detail  the  origin  and 
properties  of  this  mineral  if  the  question  of  secondary  enrichment 
in  this  area  is  to  be  fully  understood. 

On  the  Edna  May  Consolidated  Mine  masses  of  earthy  milo- 
schite are  found  of  a  fairly  bright  bluish  green  colour.     [1/1273.] 

From  its  situation  and  structure  it  is  inferred  that  the  milo- 
schite at  Westonia  is  largely  a  pseudomorph  after  fuchsite,  a  theory 
which  would  be  definitely  confirmed  by  finding  the  latter  mineral 
in  the  corresponding  situations  below  the  zone  of  weathering.  In 
view  of  the  known  resistance  to  ordinary  weathering  of  all  forms  oi 
muscovite,  including  fuchsite,*  the  active  agent  in  the  transforma- 
tion must  be  sought  in  the  sulphuric  acid  produced  by  the  weather- 
ing of  pyritic  lodes.     The  action  would  be: — 

2H,O.Kg0.3(Al,  Cr),0,-6SiO,  +  HjSO*  +  3H,0    yield 
Fuchsite  Sulphuric      Water 

aoid 


3  (  (Al,Cr)iO,- 2SiO,-  2H,0  ^         +K,S04 
(.  Miloschite       J  Potassium 

sulphate 


In  the  Toodyay  district,  for  instance,  be&ati  fully  fresh  fuchsite  is  found  exposed  at 
the  surface. 
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If  the  ratio  of  Al  to  Cr  be  47  to  1,  then  801.6  grammes  of  f  uch- 
<te  of  density  2.80  have  yielded  779.5  grammes  of  miloschite  of  den- 
*fT  2-58,  a  volume  increase  of  5.5  per  cent.,  which  completely  ex- 
:  lains  the  persistent  wrinkling  of  the  larger  scales. 

Ghloropal  (Nontronite)  (Hydrous  silicate  of  iron). — This 
:  i-ieral  is  plentiful  in  a  specimen  [1/1]  of  wall  rock  (amphibo- 
l  If')  from  the  side  of  Weston's  lode  in  Weston's  Reward  Mine,  near 
P-<^idalin  Soak.  It  completely  fills  a  series  of  small  (%in.  to  %in,) 
aoa^tomosing  veins  in  the  shattered  rock,  and,  in  addition,  it  occurs 
««  a  partial  replacement  of  coarse  crystals  of  amphibole.  It  is  mas- 
*!•>.  of  the  consistency  of  soap,  greenish  yellow  to  yellowish  green 
:n  t-olour,  or  at  times  brownish  from  the  presence  of  a  small  amount 
•'  ferrir  hydrate.  It  is  for  the  most  part  very  soft  (H,l),  but  in 
.<u-e^  is  somewhat  harder,  probably  from  the  presence  of  a  little 
-^^indary  silica.  Though  apparently  amorphous  and  opaque  to  the 
'..h>d  eye,  und^r  th**  microscope  it  is  found  to  consist  of  masses  of 
:'i>nute  transparent  scales  with  ragged  outlines  and  high  birefrin- 
->!if*.*  Long  narrow  fragments,  apparently  scales  on  edge,  give  a 
vraisht  extinction.  It  is  readily  decomposed  by  strong  hydro- 
-i.Ii^ric  acid,  granular  silicic  acid  remaining. 

The  genesis  of  chloropal  does  not  seem  to  have  been  dealt  with 
»o  any  extent  by  any  of  the  standard  authors,  and  may  well,  there- 
tore,  be  considered  in  the  light  of  the  known  Western  Australian 
c-^eurrences.     Lacroix  says,t  in  referring  to  the  few  known  French 
*r-:nTenoes : — 

It  remits  from  the  decomposition  of  different  rocks  and  particu- 
larly of  granites.    One  finds  it — 

(1.)  In  metalliferous  deposits   (manganese,  lead); 
(2.)  In  fissnres  in  granitic  rocks; 
(3.)   In   sedimentary   rocks. 

In  all  eases  it  is  found  in  this  State  under  the  following  con- 
'iiiions: — 

(1)  As  a  vein  filling,  rarely  as  a  replacement. 

(2)  In    rocks    containing    a    very    ferruginous    amphibole    or 

chlorite,  and  close  to  metalliferous  veins. 

(.3)   In  the  zone  of  incipient  weathering;  never  at  the  surface 
nor  very  close  to  it,  the  closest  being  40  feet  at  Westonia. 
In  some  cases  chloropal  is  found  near  jasper  bars,  e.g.,  at  En- 
n:iin,  Meekatharra,   Sandstone,  and   Southern   Cross. 

From  information  kindly  supplied  by  Mr.  E.  de  C.  Clarke,  the 
Stalls  of  the  occurrences  at  Meekatharra  and  Black  Range  are  as 
f<»llows : — 

Queen  of  the  Hill  Gold  Mine,  Meekatharra.  The  mineral 
fiirms,  with  coarsely  granular  quart/,  the  filling  of  numerous  small 


*  Tbe  birefriogco'x  of  njntronlte  U  0-025  aooordiog  to  Wherry  A  Brown,    vide  E.  T. 

Wherry    ±  O.    V.    Brown :    "  An  American  Oocorrence  o(  Miloschite."      Amer. 

lliBmloKbt,  I.,  e6. 
t  lUnermlogle  de  la  France,  I.,  400. 
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]oints  in  a  greenslone  schiet  (sliearetl  doleiite)  at  a  point  separatetl 
trtun  tlie  aiuiterous  jasper  b\  a  few  feet  of  n  on -auriferous  jasper. 
at  ft  rfeptli  of  about  2"2j  feet  (6S  metres),  below  tbe  surface,  tiie 
iilane  of  sejiaration  of  tlie  oxidi'^d  and  sulphide  (pyritic)  ore  being 
seen  in  the  adiacent  stope  There  le  no  record  of  cliloro)>al  at 
liiglier  or  loiver  le\els  m  tins  mine 

Oro\a  Black  Range  Gold  Mine,  Sandstone  In  this  mine  a 
narrow  unmetamorplmsec)  dolerite  dvke  follows  along  the  haQi>:iiii: 
wall  of  tlie  aunterous  quartz  reet  both  beina;  surrounded  by  an- 
cient greenstone  schists  In  place*  at  depths  of  200  to  250  feel, 
the  kaolinised  dyke  cuts  across  the  reet,  and  uhere  this  occurs  joints 
in  the  weathered  dyke  rock  are  found  filled  Hith  chloropal.  (See 
Fig.  53.)  The  nearest  jasper  bar  runs  at  right  angles  to  the  reef, 
about  :!0  chains   (600  melres)   to  the  south 

Fig.  53. 


Occurrence  of  cbloropal,  SandBtoiM. 

(In   joints  at  C,  C,  C.) 

Mr  Blatehtord  inloims  me  that  in  the  'Westons  Reward  Mine 
the  sulphide  le\ei  !•>  at  alHiut  bO  leel  the  chloropal  occurring  at  -10 
feet  in  the  rock  toiming  the  wall  ot  the  reet 

Finalh,  re<.arding  the  orit-'in  and  alterations  of  chloropal,  we 
note  that  at  \\  estonia  i(  is  in  part  pseudomorphous  after  a  blai  k 
hi^'hly  ferruginous  am]  hibole  and  shons  a  distinct  lendenc\  to 
alter  into  ternc  ludratc  (goelhite,  (t(  )  the  mineral  from  a  depth 
iif  40  feet  (i  e ,  about  20  tcet  aho\e  sulphide  leiel)  being  distiiicth 
ljri)wnish  in  places  exhibitinir  '■urface  hlius  and  miiroscopic  intlu 
siims  of  red  brown  fernt  h^drale 

From  the  CMdenie  to  hand  we  infer  that  chloropal  is  ne\er  a 
1  rimarv  mineral  and  that  it  is  iinslahle  on  frte  exposure  to  tiie 
weather  Prom  its  ueneial  o<curren<e  in  leins  ne  ma\  conckule  it 
is  a  jirecipitate  fioin  aijuenus  solution  or  colloidal  suspension  I 
am  inclined  to  aacrihe  its  oriifiD  to  ilie  atlion  of  suli>huric  acid  holu 
tioiis  (Irom  oMdisin^  jn rites)  on  ferruginous  silicates,  with  the  jiro 
duction  first  ol  ferrous  and  fernc  sulphate  and  cnUoidal  mIicic  acid 
and  the  subsequent  preciiutation  in  llie  solution,  b^  Indrohsis  in 
the  jiresencc  of  the  -anie  or  other  minerals  capable  of  neutralising 
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^l!**  acid  set  free,  or  of  oxidising  ferrous  sulphate,  which  would  have 
the  same  effect.     The  reactions  may  be  shown  thus: — 

1)  FeS,  4-         70       +      H,0    — >     FeS04     +      H^04 

Pyrites.  Oxygen.  Water.         Ferrous         Sulphuric 

Sulphate.  acid. 

.f>      Xa,Fe/5i40„      +      4H^S04  — >  Fe,(S04),  +  4H,SiO^  +  Na,S04 

SccriC'  Molecule  Sulphuric         Ferric  Metasilicic      Sodium 

of  hocnblende.  acid.  Sulphate.  acid.  Sulphate 

3        CBFeaSi40„       -     4TL^0^  -^  SFeSO*    +    4H,Si08   +       CaSO* 
Fenoos    Molecule  Sulphuric        Ferrous  Metasilicic      Calcium 

id  Hornblende.  acid.  Sulphate.  acid.  Sulphate. 

4.         Fej(S04),         +    3H^i0,  +      5H,0    — >  Fe.O,.     +     SH^SO* 

3SiO,-6H,0 
Ferric    Sulphate.       Silicic  add.        Water.         ChloropaL       Sulphuric 

acid. 

M  2FeS04        +         HaS04     +         0      — >   Fe.CSO*),    +        H.O 

Ferrous    Sulphate.         Sulphuric        Oxygen.  Ferric  Water. 

acid.  Sulphate. 

The   instability  of  chloropal  near  the  surface  may  be  simply 
I  ea.-^  of  dissociation,  thus: — 

F^/J,-3Si0,-5H,0  — >  Fe,0,H,0       ^       SHjSiOj       +  H,0 

Chloropal  Goethite  Metasilicic  Water. 

acid. 

.r  may  be  due  to  interaction  with  aluminium  hydrate  carried  in 
"M-lntion  and  colloidal  suspension  in  circulating  waters,  forming  the 
'.ore  stable  mineral  halloysite,  thus: — 

2(Fe,Oa-3SiO,-5H,0)     +     3  (A1,0,-3H,0)    —> 
ChloropaL  Al.  hydrate. 

3{Al,Oa-2SiO,-3H,0)     +     2(Fe,0,H,0)  +  8H,0 
HaUoysite.  Goethite.  Water. 

PHOSPHATES. 

Xenotime.    (Phosphate    of    yttrium,    erbium,    etc.). — Several 

*  uall  crystals  of  this  very  rare  species  were  obtained  by  concen- 

iratinfr  a  microcline  pegmatite  from  this  district.     The  crystals  are 

from  0.04  to  0.10  mm.  (1/600  to  1/250  inch)  in  diameter.  They  sink 

;ri  methylene  iodide  of  density  3.3,  are  transparent  or  translucent, 

rart^y  opaque,  mostly  pale    honey  yellow  in  colour,  but  sometimes 

*»rownish.     Their  form   is  that   typical  of  xenotime,  viz.,  the  low 

init  bipyramid  of  the  tetragonal  system.    As  there  was  just  a  pos- 

^  'nlity  that  this  mineral  might  be  zircon,  it  was  tested  for  phos- 

I'orie  acid.     About  two  milligrams  of  the  concentrates  which  had 

^•^ink  in  3Ji  methylene  iodide  and  were  composed  mainly  of  ilmenite 

and  the  supposed  xenotime,  were  warmed  with  dilute  nitric  acid 

*or  some  time  to  remove  any  apatite  that  might  be  present.    After 

^ashing  and  drying,  the  residue  was  fused  with  fusion  mixture, 

tlip  aqueous  extract  evaporated  to  dryness  with  nitric  acid  and  then 
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redissolved  in  dilute  nitric  acid.  This  solution  gave  a  strong  re- 
action for  pliosphate  ion,  confirming  tlie  identity  of  the  xeuo- 
time. 

Apatite  (Fluophosphate  of  calcium). — A  universal  minor  con- 
stituent of  the  granite  gneisses  and  greenstones  in  microscopic  col- 
ourless prisms.  A  "schliere''  from  a  dyke  at  the  3r)-mile  post  on  the 
York-Coolgardie  road,  nine  miles  south-east  of  Westonia,  contained 
dull  green  hexagonal  prisms  of  apatite  up  to  10x2x2  mm.,  associ- 
ated with  quartz,  felspar,  and  hornblende.  The  crystals  bad  a 
density  of  3.2,  and  were  readily  soluble  in  dilute  nitric  acid,  tlie 
solution  giving  a  strong  reaction  for  phospliate  ion. 

Pyromorphite  (Chlorophosphate  of  lead). — This  mineral  Is 
abundant  in  a  specimen  of  cellular  quartz  (leached  pegmatite), 
carrying  much  coarse  free  gold  from  the  225  feet  level  of  the  Edna 
Mav  Mine.    It  is  associated  with  a  little  crocoite. 

The  pyromorpliite  is  in  crystalline  crusts  and  isolated  crystals 
adherent  to  the  exposed  surfaces  of  quartz.  The  crystals  are  all 
hexagonal  prisms  w^th  basal  planes,  and  vary  from  0.1  to  1.0  mm.  in 
diameter.  In  the  larger  crystaJs  the  basal  planes  farthest  from  tlie 
supi)orting  quartz  are  often  covered  with  an  outgrowth  of  a  num- 
ber of  much  smaller  prisms  in  parallel  position  with  the  main 
crystal,  as  shown  in  Fig.  54.    This  is  a  most  unusual  form  of  growth 

Fig.  54. 


Complex  pyromorpliite  crystals,  Edna  May 
Odd  Mine,  Westonia. 
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im*\  can  only  be  accounted  for  by  a  sadden  change  in>ithe  concen- 
rration  of  the  depositins^  solution  at  the  stage  represented  by  the 
'-"nil  let  ion  of  the  growth  of  the  larger  prisms  and  the  inception 
■•:  the  growth  of  the  small  prisms  surmounting  them. 

Under  the  mifroseope  the  crystals  are  translucent,  of  varying 
:i!its  of  amber  yellow  and  greenish  yellow.  In  mass  the  crystalline 
'Ti^ts  vary  in  tint  from  yellow  to  yellowish  gi'een.  They  dissolve 
>adily  in  warm  dilute  nitric  acid,  and  the  solution  gives  strong 
rt-attions  for  lead,  chloride,  and  phosphate  ions.  No  arsenic,  van- 
i«iinm,  chromium,  molybdenum  or  tungsten  could  be  detected  in 
>»lations    of  the  mineral. 


SULPHATES,   Tl^NGSTATES,  ETC. 

Gypsum  (Hydrated  sulphate  of  calcium). — This  was  seen  in 
i.:y  one   specimen    Ll/1264],   a  sulphide   ore   from  the  Hill   End 

♦f.M.,  consisting  of  a  cellular  mixture  of  pyrite  and  quartz.  Many 
f  the  cavities  in  this  ore  are  more  or  less  completely  filled  with 

f-rystalline    masses    of   gypsum   coloured    brown    by    included    iron 

Mvdrateis. 


(. 


Epsomite    (Hydrated     sulphate     of     magnesium). — Scattered 
through  the  weathered  rocks  (vide  Halite,  p.  229). 

Crocoite  (Chromate  of  lead).— At  the  170  feet  level  of  the 
Kiina  'Slay  Mine  Mr.  BJatchford  collected  a  small  specimen  of 
v'ltrhy  quartz  (leached  pegmatite)  studded  with  coarse  gold  and 
<^rr>iiig  several  small  crystalline  masses  of  typical  crocoite  of 
«rran<;e-red  colour  and  adamantine  lustre.  It  is  associated  with  thin 
ihiw  of  green  miloschite  (chromiferous  kaolinite).  The  crystals 
sr**  sinall  and  imperfectly  developed,  so  that  only  the  unit  prism 
jRd  basal  i  lane  could  be  detected  with  certainty.  A  few  very  small 
n^stalline  masses  of  crocoite  were  also  observed  in  association  with 
••I'lfh  pyromorphite  in  a  specimen  of  highly  auriferous  quartz 
fntm  the  225  feet  level  of  the  same  mine.  The  only  other  locality 
n  the  State  from  w^hich  specimens  have  been  obtained  showing  free 
-••»ld  in  association  with  crocoite  is  Comet  Vale. 

The  crocoite  found  under  such  circumstances  is  undoubtedly 
a  -♦-i'ondary  mineral  confined  to  the  weathered  zone  of  the  ore  body. 
I'-i  orijrin  can  be  traced  ultimately  to  the  galena  of  the  sulphide 
••'•H  and  the  clu"omite  of  the  basic  wall  rock.  Several  intermediate 
** aires  must,  however,  be  passed  through  between  the  ultimate  cro- 
•1  re  and  the  two  primary  minerals.  The  galena  is  first  oxidised 
•»  andesite  (lead  .sulphate)  which  is  moderately  soluble  in  water, 
•  UL.  one  part  in  12.000  of  water.  The  chromite,  or  its  derivatives, 
f'  <*hsite  or  milosc'hite,  is  probably  attacked  by  the  sulphuric  acid 
•»f  decomposing  pyrites,  yielding  a  solution  of  chromium  sulphate, 
'Mch  in  turn  interacts  with  the  lead  sulphate  in  the  presence  of 
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dissolved    atmospheric   oxygen   yielding   the   much   more    insolubk 
lead  chromate,  croeoite.*     The  reactions  are: — 

(1)  PbS      +      40     -^    PbSO* 
Galena        Oa^gen      Anglesite 

(2)  2PbS04  +Cr2(S04)a+    5HjO  +         30   ->    2PbCr04  4-    5H3SO4 
Anglesite      Chromium      Water        Oxygen       Croeoite        Sulphuric 

Sulphate  Aoid 


•   Iv, 


Wolfram  (Tungstate  of  iron  and  manganese). — This  mineral 
is  not  uncommon  in  the  auriferous  pegmatites  of  the  mines  of  the 
Edna  May  Group.  Specimens  have  been  collected  in  the  Edna  May, 
Edna  May  Central,  and  Edna  May  Deeps  mines.  It  is  a  primary 
constituent  of  the  veins  in  crystalline  masses  up  to  21bs.  (one  kilo) 
in  weight,  intergrown  with  quartz,  and,  below  water  level,  with 
pyrite.  In  one  specimen  from  the  Edna  May  mine  it  is  seen  inter- 
grown with  much  biotite  and  pyrite  in  a  segregation  in  j)e»'matitic 
quartz.  Gold  has  been  observed  embedded  in  wolfram  in  the  same 
mine. 

The  mineral  from  the  sulphide  zone  is  perfectly  fresh,  with 
brilliant  lustre  on  the  cleavages.  In  the  zone  of  oxidation  the  min- 
eral has  been  much  affected  by  the  oxidation  of  the  associated  py- 
rite, the  resulting  acid  having  ])enetrated  along  the  cleavages,  dis- 
solving out  part  of  the  mineral  and  leaving  the  remnant  cellular 
and  dull  in  lustre.  In  most  cases  the  products  of  alteration  have 
been  completely  removed,  but  in  two  specimens  a  little  ferritungstite 
remains.     (Vide  Ferritungstite,  p.  258,  and  Wulfenite,  p.  258.) 

Scheelite  (Tungstate  of  calcium).- -Masses  of  scheelite,  up  to 
several  inches  in  diameter  and  in  some  considerable  abundance,  have 
been  encountered  in  a  pegmatite  vein  at  a  depth  of  550  feet  (168 
metres)  in  the  Edna  May  Peeps  mine.  The  pegmatite  is  coarsely 
crystallised  and  composed  of  quartz,  microcline,  a  felspar 
with  albite  twinning,  red-brown  biotite,  chlorite,  scheelite, 
wolfram,  and  pyrite.  The  scheelite  has  a  coarsely  granular  structure, 
and  is  vellowish  white  in  colour  with  adamantine  lustre. 
It  encloses  grains  of  biotite  and  wolfram,  and  is  evidently 
a  product  of  the  primary  consolidation  of  tlie  pegmatite. 
Should  any  considerable  tonnage  of  ore  be  disclosed  of  the  grade 
of  the  samples  submitted  it  should  be  worth  concentrating  at  the 
present  price  of  tunjrsten  ores,  viz.,  50s.  per  unit  for  concentrates 
with  a  minimum  of  65  per  cent,  tungstic  oxide. 

Wulfenite  (Molybdate  of  lead).— At  the  latter  end  of  1915, 
Mr.  H.  G.  Stokes  forwarded  to  me  a  small  specimen  of  a  heavy 
yellowish  mineral  in  small  crystals  lining  cavities  in  a  six-inch  (15 
cm.)  quartz  vein  traversing  the  Edna  IMay  gneiss.  The  mineral  wai^ 
locally  presumed  to  be  scheelite.  The  exact  locality  of  the  find  was 
on  the  Edna  May  Deeps  proj)erty  at  a  depth  of  70  to  80  feet  (21 
to  24  metres)  in  the  workinsrs  from  the  No.  4  shaft.     The  mineral 


•  Solubilities  in  1  000  cc.  water  at  18*  are :   lead  sulphate,  41  milligrammes  r   lead 
chromate  one-fifth  of  a  milligramme. 
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i-  ['Rived  lo  contain  lead  and  tun^stic  acid  and  found  to  bave  the 
"■-lalline  form  characteristic  of  slolzifCj  the  native  lead  tungatate, 
'■Itr  tlie  liea^lin^,  therefore,  of  Rtolzite  a  brief  preliminary  note 
■ --mn?  to  this  find  was  made  in  my  annual  report  for  1915.* 
'.':•«  that  time  a  fine  suite  of  specimens  of  the  mineral  baa  been 
a.iieil  from  those  workings,  which  has  enabled  a  more  thorough 


''■"'>■■   E.  8.  Simpson.  (x    15)  NegB.   1601-2-3-4. 

'''cnvliotofrapti  of  woUenito   crystals,   Edna  May     Dc^ps 
Gold  Mine,  Wostoula. 
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examination  to  be  made.  This  has  shown  that,  in  addition  to  tung 
stie  acid,  molybdic  acid  is  present,  and  that  in  excess,  so  that  th< 
mineral  must  be  classified  as  a  tung^stiferous  molybdate  of  lead 
i.e,,  as  tungstiferous  wulfenite. 

The  matrix  of  the  mineral  is  a  very  cellular  rubbly  quartz 
somewhat  ironstained  and  enclosed  within  walls  of  comjiletely  kao 
linised  gneiss.  The  cavities  represent  spaces  once  filled  witU  siil 
phides  (galena  and  pyrite)  and  possibly  mierocline,  all  of  whicl 
have  been  completely  weathered  and,  except  for  some  kaolin,  re 
moved.  No  galena  or  molybdenite  has  been  located  in  these  work 
ings,  but  pyrite  and  wolfram  have  been  collected  at  lower  levels  ir 
the  vein. 

The  wulfenite  occurs  in  masses  of  very  small  crystals  with  a 
general  yellowish-grey  colour,  forming  thick  or  thin  discontinuous 
crusts  on  fracture  planes  and  the  sides  of  small  cavities.  Owint: 
to  the  prevalence  of  kaolin  through  the  vein  the  wulfenite  cr>^stal^ 
are  often  readily  detached,  and  a  fairly  clean  collection  of  them  can 
be  obtained  by  washing  well  in  water,  drying,  and  floating  off  asso- 
ciated quartz,  etc.,  by  means  of  undiluted  methylene  iodide.  Tlie 
largest  crystals  attain  a  length  of  4mm.  with  a  diameter  of  2mm. 
(1/6  by  1/12  inch)  but  the  average  is  only  about  a  quarter  of  that 
size  or  even  less. 

With  a  view  to  getting  some  pure  mineral  for  analysis,  24ozs. 
(G80  grammes)  of  quartz  specimens  were  lightly  crushed  to  pass  a 
10-mesh  sieve,  and  then  concentrated  by  water  in  a  batea,  and  the 
concentrates  further  cleaned,  after  drying,  by  means  of  methylene 
iodide  of  density  3.3.  The  yield  was  G6  grammes  of  fairly  pure  wul- 
fenite, equal  to  0.7  per  cent,  of  the  specimens  taken.     The  concen- 
trates having  been  washed  successively  with  xylol,  alcohol  and  ether 
were  separated  into  sizes  by  means  of  a  series  of  sieves.    Each  sized 
lot  was  examined  separately  under  the  microscope  and  two  lots,  viz.. 
that    pa.ssing    a    30-mesh    sieve    but    retained    on    a    60,    and    that 
passing  a  60  but  retained  on  a  90,  were  chosen  as  most  likely  to 
yield  suitable  material  for  analysis.     The  finer  lot  was  covered  wilh 
undiluted  methylene  iodide,  and  a  little  floating  material  decanted. 
In  addition,  by  a  vanning  process  under  the  methylene  iodide,  an 
appreciable  (luantity  of  minerals  with  a  density  between  that  of  the 
liquid  and  that  of  the  wulfenite,  was  removed.     This  latter  material 
was  chiefly  iron  hydrates,  imi)ure  chrysoeolla  and  intergrowtlis  of 
quartz  and  wulfenite.     After  thorough  washing  with  xylol,  alcoliol. 
and  ether  successively,  the  dried  and  slightly  impure  mineral  was 
reserved  for  analysis  as  Lot  B.     The  material  which  passed  a  30- 
mesh  but  was  held  on  a  60-mesh  sieve  was  placed  under  a  micro- 
scope and  a  little  over  one  pranime  wei«:ht  of  single  cr\'stals,  and 
ciystal  groups  similar  to  those  sliown  in  Fig.  55  were  picked  out  for 
analysis.     This  apparently  pure  material  was  called  Lot  A.    Den- 
sity determinations  and  analyses  were  made  of  both  lots. 
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Lot  A  srave  an  insoluble  residue  amounting  to  0.36  per  cent., 
\le  whole  of  which  \vas  clean  quartz.  In  Lot  B,  after  totalling  up 
the  oxides  of  lear?,  molybdenum,  tungsten,  and  chromium,  the  total 
"•a*  still  3.17  per  cent,  short  of  100.  Of  this,  0.58  per  cent,  was 
foand  to  be  quartz,  the  balance  being  iron  hydrates,  chrysocoUa, 
•4<*.  The  figures  for  the  essential  constituents  were.i  recalculated 
itW  deducting-  0.30  x>er  cent,  quartz  in  Lot  A,  and  3.17  per  cent. 
iianz.  etc.,  in  T^<^t  I>.  The  results  are  shown  in  the  accompanying 
:.t'>Je.  t*>p'ether   w'ith    the    corresponding  figures  for  related  minerals. 

Xotes    on    the    methods   of  analysis   adopted  will  be  found   on 
ra-e  259. 
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The   mineral  throughout,  including  that     used     tor     analysis, 

tlumgii  at  first  sight  to  the  unaided  eye  of  a  uniform  greyish  yellow 

f'llour,  was  seen  under  the  microscope  to  be  somewhat  variable  in 

•-is  respect,  ranging  from  almost  colourless  to  rich  honey  yellow  on 

the  «>ne  hand,  and  through  light  and  dark  grey  to  almost  black  on 

•le  <>ther.     A  little  of  the  latter  must  have  been  present  in  Lot  B, 

^.  hirh  was  not  hand  picked,  but  any  crystals  of  a  grey  or  darker 

tinire  were  kept  out  of  Lot  A,  as  such  were  suspected  of  containing 

trat-t^  of  lead  sulphide  and  possibly  lead  sulphate.    The  lustre  in  all 

•'-ases  was  adamantine,  the  translucency  ranging  from  subtransparent 

to  o]>a(iue. 

Excluding  the  dark  grey  and  black  crystals,  the  composition  of 
':.e  remainder  must  be  very  uniform  judging  by  the     results     of 
analy^es  made  on  the  two  lots  selected  in  such  different  ways.     The 
n^iires  show   that   the  Westonia  mineral   differs  appreciably  from 
..«irmal  wulfenite,  such  as  the  type  mineral  from  Bleiberg  in  Carin- 
tl  ja,  in  containing  nearly  10  per  cent,  of  lead  tungstate.     The  only 
hrtviously  described  mineral  containing  both  tungstate  and  molyb- 
'iate     of    lead     is  the  so-called  Chillagite  from  North  Queensland, 
^»fiieh  both  A.  T.  Ullraann*  and  C.  D.  Smith  and  L.  A.  Cottonf  are 
«:i-|;«*sed  to  \oiyk  uj)on  as  a  "new  mineral."     It  is  not  clear  whether 
\>y  this  expression  they  mean  a  new  mineral  species,  but  if  so  there 
i>  little  ground  for  such  an  assumption.     Lead  tungstate  and  lead 
riiolybdate  both   crj'stallise  in   the  same    (tetragonal)    system  with 
axial     ratios     almost   identical    (1.5616,  stolzite;   and  1.5770,  wul- 
fenite),    and     their     molecular  volumes  are  also  very  close   (55.5, 
>rolzite:  and  54.S,  wulfenite).    Further,  the  two  compounds  are  pre- 
ri[»itated   under  similar  conditions  and  their  solubilities  are  of  the 
Mine  order.     Under  such  conditions  it  would  be  surprising  indeed 
il  a  eomplete  isomorphous  series  were  not  found  extending  from 
P  :re  tungstate  on  the  one  hand  to  pure  molybdate  on  tlie  other. 
The  Westonia  mineral  and  the  two  quoted  Chillagoe  minerals  are 
riree  stages  in  this  series. 

The  less  probable  alternative  is  that  a  true  double  salt  exists, 

'  aving  the  composition  PbMoO^.PbWO^,  and  yielding  a  definite  cusp 

:n  the  curves  representing  the  values  of  any  physical  property,  such 

a>  the  density,  refractive  index,  or  length  of  the  principal  axis^  or 

••f  any  chemical  propertj^  such  as  the  solubility.     No  such  cusp  is 

.L'iifated  in  the  case  of  the  densities  which  appear  to  obey  the  usual 

J  yperbolie   law,    but    Smith    and    Cotton's    figuret    for    the    mean 

>iurth  of  the  principal  axis  in  chillagite   (1.5292)   would  indicate 

i  very  distinct  cusp  in  the  curve  for  that  factor.    Their  figures,  how- 

''>r.  need  careful  checking  since  their  readings  of  polar  distances 

ar**  associated  with  errors  in  azimuth  angle  often  exceeding  one  de- 

-''**.  and  there  is  some  slight  doubt  about  the  symbol  of  the  f aee  on 


•  CThiMiia,  A,  T.,  Jour.  Roy.  Soc.,  N.S.W.,  1912,  46,  186. 
*Sahh,  C.  D.,  and  Cotton,  L.  A.,  Ibid.,  p.  219. 
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which  they  I  (based  their  calculation.  No  instrumeiit  of  sufflcient  pr 
cision  was-' available  for  measurement  of  the  atial  ratio  for  tJ 
Westonia  mineral. 

Fig.  56. 


m 
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Common  form  of  wulfenite  crystals,  Edna  May 
Deeps   Gold  Mine,  Westonia. 


Fig.  57. 


Common  form  of  wulfenite  crystals,  Edna  May 
Deeps  Oold  Mine,  Westonia. 
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iasDining^  that  no  dcnxble  iiali  exists^  the  Westonia  Jtaineral  is  an 
-MifQorpboii0  mixture  at  'wulfenite  and  stolzite.  So,  too,  is  ehilla- 
-tt.  which  at  most   is  to  be  looked  upon  as  a  subspecies^  defined  as 

Fig.  58. 
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Commoii  f onn  of  wulfenite  crystals,  Edna  May 
Deeps  Oold  Mine,  Westonia. 

Fig.  59. 


Rare   Form  of  wnlf  enite  crystals,  Edna  May 
Beeps  Oold  Mine,  Westonia. 
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including  all  crystallised  molecfdur  mixtures  of  widfenite  and 
stol:^ite  approaching  equal  molecular  proportions  of  the  two  com- 
ponents. 


Fig.  m 


-Bare   Formof  wulfenite  crystals,  Edna  May 
Deeps  Oold  Mine,  Westonla. 


Tlie  crystallisation  of  the  Westonia  wulfenite  is  of  interest  and 
is  illustrated  by  Figs.  55  to  60.  Normally  wulfenite  crystallises  in 
thin  tabular  crystals  bounded  by  broad  basal  pinacoids  or  low  pyra- 
mids, and  with  little  or  no  development  of  faces  in  the  prism  zone. 
Tliis  is  the  form  seen  in  wulfenite  from  Whim  Creek,  Western 
Australia,  as  well  as  in  chillagite  from  Chillagoe,  Queensland. 
Stolzite,  on  tlie  other  hand,  is  characterised  by  the  large  develoi>- 
ment  of  prism  faces  and  steep  pyramids.  This  is  the  type  of  cry- 
stal exhibited  by  the  Westonia  mineral,  of  which  Figs.  56,  57,  5.S 
sliow  common  forms,  and  Figs.  59,  60  rarer  ones.  The  complete  list 
of  formes  recorded  for  minerals  of  this  series  are  collected  together 
for  tlie  first  time  in  tlie  accompanying  table.  The  forms  most  fre- 
quently present  in  the  Westonia  mineral  are  m  (110),  p  (111),  and 
o  (221)  :  of  much  rarer  occurrence  are  c  (001),  e  (101),  and  f 
(320).  The  faces  of  p  are  often  striated  by  lines  parallel  to  the 
edges  pf,  see  Fig.  60.  Other  forms  will  doubtless  be  recognised 
when  the  crystals  are  subjected  to  rigid  measurement. 
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CRYSTALLOGRAPHIC   DATA  FOR  WULFENITE-STOLZITE 

SERIES. 


Vertical  AxU, 

^jlffoite:    1  •  57645  (Lacroix)  ;    1-5771  (Dauber)  ;    1-5774  (Goldschmidt)— 

Mean,   1  •  5770. 
^-  hit«:    1-5576  (Zt.  Krst,  1907)  ;    1-5579,  1-5586,  1-5597,  1-5606,  1-5613, 

1-5631    (Hlawatsch);     1-6667  (Kemdt)  ;     1-6692  (A.   Levy)— Mean, 

1-5616. 
'nLi!£itc:     1-5291  ?  (Smith  and  Cotton). 
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Crystallographic  Data  for  Wulfenite-Stolzite  Series — continued. 


Forms — continued. 
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The  genesis  of  the  Westonia  wulfenite  is  lo  be  ascribed  to  in- 
teraction, in  the  zone  of  weathering,  between  solutions  of  lead  sul- 
phate derived  from  weathering  galena,  and  of  molybdic  acid  from 
weatliering  molybdenite,  and  tungstic  acid  derived  from  weathering 
mixtures  of  pyrite  and  wolfram,  such  as  occur  in  the  Edna  Afay 
mine  (see  p.  248),  thus: 

PbS04     -f    (Mo.WlOgxH^O   yield    Pb  (Mo,W)04  +    H2SO4+ (x-D  H,0 

Lead  Molybdic  acid  Tungstiferous     Sulphuric      Water. 

Sulphate.         Tungstic  acid.  Wulfenite.  acid. 

Ferritungstite  (Hydrated  tungstate  of  iron). — ^A  small  amou!it 
of  a  bright  yellow  powder  on  the  surface  of  partly  leached  wolfram 
(q.v.)  from  the  Edna  May  Central  and  the  Edna  May  Deeps 
[1/34],  was  proved  to  contain  both  timgsten  and  iron,  and  is  there- 
fore undoubtedly  ferritungstite.  Its  association  with  wolfram, 
whieli  has  been  partly  leached  by  sulphuric  acid  from  decomposing 
pyrite,  points  to  its  origin  by  tlie  hydrolysis  of  solutions  carrying 
iron  sulpliates  and  colloidal  and  dissolved  tungstic  acid.  The 
reactions  involved  are: 

FeWO^      4-     FeSO*    +     2H3SO4     -f        O         +     7H2O       yield 
Wolfram  Ferrous  Sulphuric         Oxygen.  Water. 

Sulphate.  acid. 

Fe2(S04)3       +W03-2HaO+    7H2O   yielding  in  turn 

F(5rric  Tungstic  Water. 

Sulphate.  acid. 

Fe2WOrt-6H.,0     -^   3H2SO4 
Ferritungstite        Sulphuric 

acid. 
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ADDENDUM. 


AXALYTICAL  METHODS  FOR  TUNGSTIFEROUS  WULFEN- 

ITE  AND  FOR  MILOSCHITE. 

yote. — All  operations  are  carried  out  in  beakers  or  dishes  of 
platinum  or  transparent  silica,  and  all  reagents  are  tested  quan- 
tatively  for  impurities  before  use.  The  following  schemes  are  de- 
signed to  enable  analyses  to  be  made  on  minimum  quantities  of 
the  minerals. 

TUXGSTIFEROUS  WULFENTTE. 
A.  Lead  and  Combined  Acids. — Half  a  gram  of  the  min- 
eral, finely  ground,  is  treated  with  20cc.  lOE.HCl  at  90"-95°  C. 
for  30  minutes,  when  solution  is  complete.  Add  loOcc.  of  water, 
anil  heat  to  60*".  Add  25cc.  loE.NH^HO  *  and  immediately  pass 
H,S  for  two  hours.  Warm  to  60°  and  filter  off  PbS  plus  Cr, 
lHO)j  plus  quartz.  Wash  with  lOOcc.  warm  water  to  which  10 
•irops  yellow  ammonium  sulphide  have  been  added  and  H^S  then 
pa>spd  tlirouirh  it  (the  wash  water)  for  a  minute.  The  filtrate, 
which  is  a  deep  garnet  red  in  colour,  contains  all  Mo  and  W  as 
snlpho-salts.  To  this  add  SE.H^SO^  in  small  quantities  at  a  time 
until  the  solution  contains  an  excess  of  about  Ice.  of  this  acid. 
VN'arm  to  80**  for  about  two  hours,  the  beaker  being  covered  to  avoid 
loss  of  much  H^S,  and  filter  off  WS,  plus  MoS,.  Wash  with  warm 
H.S  v,-ater.  Then  wash  all  but  traces  of  the  sulphides  off  the  filter 
mto  a  beaker  and  put  filter  into  a  flat  dish  and  warm  with  several 
suecessive  lots  of  5E.HN0,  until  all  sulphide  is  dissolved.  Add  the 
^ashinjrs  to  main  precipitate.  Cover  and  add  16E.HN0,  and  warm 
nntii  no  further  effervescence  occurs.  Evaporate  to  fumes  of  SO, 
^formed  bv  action  of  HNO,  on  sulphides).  Take  up  with 
•>E.Nn  HO  and  transfer  solution  and  sediment  t  to  a  weighed 
'if'<e.  |)orcelain  capsule.  Evaporate  to  dryness  on  a  sandbath  and 
gradually  increase  the  temperature  first  on  sandbath  and  then  over 
arpand  to  remove  all  NH^  salts.  Finally  ignite  with  a  moving 
•jonsen  flame  at  a  temperature  well  below  red  heat  (MoO,  vola- 
tilises at  about  640®)  until  residue  of  molybdic  and  tungstic  oxides 
I"^es  all  blue  or  green  colour.    Weigh  MoO.,  +  WO,. 

The  precipitated  PbS  with  any  traces  of  Cr,(OH)„  and 
quartz  is  washed  off  filter  into  a  beaker,  and  the  filter  treated  with 
*ann  oE.HNO,  and  finally  with  water  as  in  the  case  of  the  MoS, 
^^  fret  last  traces  of  lead  into  solution.  Add  these  washings  to  the 
^m  precipitate.  Convert  all  the  PbS  into  PbSO,  by  boiling  with 
^'0 .  then  adding  20cc.  10E.H..SO^  and  evaporate  to  fumes, 
continuing  fuming  gently  until  all  globules  of  sulphur  are  oxidised. 

*™g  «Me8  »_precipltation  of  very  finely  divided  PbWO.  and  PbMoO\ 
T  UndJaiolTed  WOaXH,0. 
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Dilute  to  5E  strength  in  acid,  add  50cc.  SE.HjSO^,  boil,  cool,  add 
50cc.  absolute  alcohol  and  set  aside  at  a  temperature  of  about  15 ^^ 
all  night.  Filter  off  PbSO^  plus  quartz.  Wash  twice  with  90  per 
cent,  alcohol.  Redissolve  the  PbSO^  in  warm  ammonium  acetate, 
and  filter  through  original  filter.  Ignite  filter  and  weigh  quartz. 
In  filtrate,  reprecipitate  PbSO^  by  evaporating  to  fumes  with  H^SO^ 
and  taking  up  as  before  with  SE.HjSO^,  and  adding  alcohol.  Fil- 
ter, dry,  and  igmite  in  porcelain  capsule  to  a  faint  red  with  the 
usual  precautions  and  weigh  PbSO,.    Pb/PbSO„  0.7360. 

When  quartz  is  absent,  or  is  in  very  small  amounts,  and 
weighed  as  described  in  section  B,  the  solution  and  reprecipitation 
of  the  PbSO^  is  unnecessary,  the  weight  of  the  quartz  being  simpl^^ 
deducted  from  the  combined  weight  of  the  two. 

B. — Tungstic  Oxide   and   Chromic   Oxide. — Take   a  separate 
lot  of  finely  ground  mineral  (0.5  or  1.0  gm.)   and  treat  with   30ec. 
SE.HNO,  at  95°  for  an  hour.     Filter  and  wash  with  one  lot   of 
SE.HNOj,.     Solution  contains  part  of  Pb,  Mo  and  Cr,  but  no   \V : 
residue  contains  some  undecomposed  mineral  and  some  Mo0^2H20, 
and  WO^.H^O.     Pass  lOce.  5E.NH,H0  through  filter  and  catch  "in 
the  beaker  containing  the  residue.     Shake  beaker  till  all  separated 
WO^.H.O  and    MoO,.2H30    are    dissolved.     Pour    Ice.     oE.HNO, 
through  filter,  catching  it  in  the  beaker  containing  the  residue,   to 
which  then  add  20cc.     lOE.HNO,.     The    solution    now     measures 
31cc.    and    is    again    of    5E    strength    in    nitric    acid.        Again 
heat  to  95°  for  one  hour.    It  will  be  seen  that  the  original  acidifica- 
tion precipitates  white  flocculent  WOj,.2H20  which  during  the  sub- 
sequent heating  is  converted  into  bright  yellow  granular  WOj-HjO. 
Filter,  etc.,  as  before.     Mix  the  two  acid  extracts  which  contain 
practically  all  the  CrO.,*  and  estimate  this  by  colour  comparison 
with    measured    quantities    of   standard    K^CrO^   solution    recently 
diluted  with  5E.HN0,. 

The  alternate  treatment  of  the  residue  with  5E.HN0,  and 
oE.NH.HO  is  repeated  altogether  five  times,  the  same  beaker  and 
small  filter  being  used  throughout.  After  this  treatment  the  whole 
of  the  Pb,  Mo,  and  Cr  will  be  in  the  nitric  solution,  and  the  who^e 
of  the  W  (and  any  siliceous  gangue)  left  in  the  yellow  residue  of 
WO,.H,0.  This  residue  is  dissolved  in  SE.NII.HO,  filtered  from 
the  quartz,  the  filter  washed  with  oE.NH^HO,  and  the  filtrate 
evaporated  to  dryness  in  a  weighed  30cc.  porcelain  capsule  and 
cautiously  heated  till  all  ammonia  salts  are  driven  off.  The  residue 
is  ignited  over  a  bunsen  at  a  bright  red  heat  and  weighed  as  WO,. 
Should  the  MoO,  not  have  been  completely  separated,  its  presence 
will  be  indicated  by  the  Ihiish-black  colour  of  the  just  dry  residue 
of  ammonium  tungstate,  when  it  is  first  heated  to  about  200°  to 
decompose  ammonia  salts. 

•  To  ensure  that  this  solution  contains  no  traces  of  WO,  vrhich  might  affect  the  colour, 
It  may  be  diluted  with  Its  own  volume  of  water,  boiled,  and  allowed  to  stand 
overnight,  when  any  trace  of  WO,  will  be  found  to  have  settled  out. 
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Complete  decomposition  of  the  mineral  can  be  recognised 
asnally  after  the  fourth  treatment,  by  no  insoluble,  except  quartz, 
being  left  on  adding  the  lOcc.  of  5E.iS[H,H0  to  the  residue  left  by 
:be  acid  treatment. 

The  above  method  can  be  applied  to  the  estimation  of  tungsten 
and  molybdenum  in  a  number  of  minerals,  in  fact  in  any  mineral 
<ieeomposable  by  nitric  acid  of  any  strength,  such  as  scheelite, 
powellite,  bismuth  ochres,  etc.  When  stronger  acid  than  5E  has 
to  be  used  to  attack  the  mineral,  it  is  diluted  subsequently  to  5E 
strength  and  kept  at  90"*  to  95°  for  an  hour  before  filtering,  as  this 
ensures  the  complete  separation  of  insoluble  tungstic  acid. 

MILOSCHITE. 

The  mineral  is  first  well  soaked  and  washed  with  distilled  water 
to  remove  common  salt,  magnesium  sulphate,  etc.,  derived  from 
valine  underground  waters,  and  then  dried  at  atmospheric  tempera- 
ture for  three  or  four  days. 

A.  Moisture,  combined  water,  chrominm,  titanitun  and  iron 
^^ides. — ^Half  a  gram  of  the  mineral  is  dried  at  100°,  using  a  pair 
of  ground  watch-glasses,  and  the  moisture  determined  by  loss. 

The  dried  mineral  is  carefully  transferred  to  a  weighed  20-25cc. 
platinum  crucible.  This  is  heated  for  a  few  minutes  on  a  wire  gauze 
and  afterwards  over  a  meker  to  constant  weight,  and  the  loss  taken 
as  fombined  water.  Note:  no  further  loss  was  experienced  on  sub- 
^aent  ignition  over  an  air-coal  gas  blast. 

To  the  ignited  mineral  add  1.5  gram  anhydrous  sodium  car- 
bonate, mix,  and  Eeat  over  a  bunsen  for  an  hour  with  the  lid  on, 
netting  the  crucible  on  a  small  disc  of  platinum  foil  supported  on 
a  platinum  triangle  to  avoid  over-heating  of  the  bottom  of  the 
crociUe.  The  lid  should  be  raised  one  or  twice  to  admit  atmos- 
r'heric  oxygen.  Moisten  the  frit  and  grind  it  with  a  little  water 
and  one  drop  of  alcohol  •  in  a  small  agate  mortar.  Extract  with 
several  lots  of  boiling  water  totalling  not  more  than  50cc.,  and 
filter.  Dry  the  filter  and  residue  in  the  original  platinum  crucible 
and  bum  oflP  filter  at  a  low  temperature.  Then  add  1.5  gram  sodium 
ttrbonate  and  0.5  gram  sodium  peroxide,  refrit  and  again  extract. 
D^'tennine  the  CrO,  in  each  extract  colorimetricallv  and  calculate 
to  Cr,0,.    Note :   on  testing  this  solution  for  V^O^  none  was  found. 

Put  filter  and  residue  in  a  beaker  and  add  about  30cc. 
•^>E.H,SO,,  and  warm  till  solution  is  complete.  Filter,  and  in  the 
titrate  estimate  the  Ti  colorimetrically  after  adding  H^O^.  Boil 
down  until  all  colour  is  destroyed,  dilute  to  50cc.,  boil,  cool,  and 
estimate  the  iron  colorimetrically  with  NH^CNS. 

B.  Silica,  alnmina,  magnesia  (manganese,  lime). — Following 
in  general  the  lines  laid  down  by  Hillebrand,  these  are  estimated  in 
0-5  pram  of  mineral  after  fusion  with  two  grams  of  fusion  mixture. 
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One  evaporation  only  is  made  for  silica,  the  silicic  acid  beinsr 
washed  with  NH^NO,  water  and  extra  silica  recovered  from  the 
Group  3A  precipitate.  The  main  silica  precipitate  is  treated  with 
HjSO^  and  HF,  and  the  residue,  after  weighing,  is  fused  ^svith  a 
little  fusion  mixture  and  added  to  the  main  solution.  The  3A  pre- 
cipitate, after  weighing,  is  heated  to  a  red  heat  for  an  hour  with 
one  gram  of  fusion  mixture,  taken  up  with  5E.HC1,  evaporated  to 
dryness,  taken  up  with  HCl,  and  the  extra  silica  filtered  and  washe<l 
with  NH^NOg  water.  This  small  amount  of  impure  silica  is  weig:hed 
and  then  evaporated  with  H^,SO^  and  HF,  and  the  residue  ignited 
and  weighed. 

Double  precipitations  are  made  of  the  3A*  and  magnesia  pre- 
ci  Imitates.  Neither  manganese  nor  lime  were  detected  in  the  Wes- 
tonia  mineral. 

C.    Alkalies. — These    are    determined   by   the  Lawrence  Smith 
method,  with  one  slight  but  valuable  modification  introduced  some 
years  ago  in  this  laboratory  by  Mr.  H.  Bowley,  Assistant  Miner- 
alogist and  Chemist.     The  original  fritting  is  not  made  with  OaCO, 
and  NH/l  alone,  but  with  a  mixture  of  CaCOj,,  CaO,  and  NH^Cl, 
the  mixture  of  CaCO^  and  CaO  being  obtained  by  a  preliminary 
ignition  for  two  minutes  of  the  usual  six  parts  of  CaCO,.    In  every 
other  respect  the  usual  details  are  followed,  the  mixed  alkalies  being 
Aveighed  as  chlorides,  and  the  potassium   as  chloroplatinate.        In 
this,  as  in   all  other  estimations,  the  results  of  a  blank  test   are 
deducted. 


•  With  ammonium  acetate. 
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L— INTRODUCTION  AND   PREVIOUS   LITERATURE. 

The  investigation  of  the  rocks  and  the  geological  structure  of 
I  he  Westonia  Field,  as  in  the  case  of  many  other  Western  Austral- 
ian goldfields,  has  been  attended  with  considerable  difficulty.  This 
bas  been  due  to  the  paucity  of  outcrops,  to  the  i)revailing  layer  of 
overburden  on  the  whole  surface,  to  the  decomposed  nature  of  the 
rocks  even  when  found  outcropping,  and  in  consequence,  to  the 
necessity  of  relying  mainly  on  evidence  from  specimens  procured 
in  mines  and  bore  cores — evidence  which  must  obviously  be  used 
witli  much  greater  care  than  is  required  when  continuous  outcrops 
can  he  examined.  A  large  number  of  specimens,  however,  have  been 
examined  and  the  microscopical  results  have  in  all  cases  been  con- 
>idered  and  discussed  in  relation  to  the  field  evidence,  so  that  the 
conclusions  arrived  at  are  those  bes^  in  accordance  with  the  facts 
that  the  present  state  of  the  development  of  the  mines  and  the  field 
permits  to  be  obtained.  Several  points  have  arisen  in  the  course  of 
the  investigations  which  will  be  satisfactorily  cleared  up  only  by 
farther  opening  up  of  the  field  and  developments  at  deeper  levels 
in  the  mines.    These  are  noted  in  the  text. 

With  regard  to  previous  literature  dealing  with  the  "Westonia 
Field,  there  does  not  appear  to  be  any,  so  that  this  account  of  the 
Petrology  of  the  goldfield  is  tlie  first  that  has  hitherto  been  pub- 
lished. 

IL— CLASSIFICATION  OF  THE  ROCKS. 

As  the  specimens  come  from  localities  scattered  over  a  fairly 
^ide  area,  it  has  been    found    most    convenient    to    classify  them 
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broadly  according  to  the  locality  from  which  they  come.    On  this 
basis  there  are  the  following  divisions: — 

A.  Rocks    from    Westonia    (including    the    Hill    End     and 

Battler  Leases). 

B.  The  Dolerite  Dykes  from  the  Corinthian  Mine. 

C.  Rocks  from  the  Bullfinch  Area. 
J).  Greenstones  from  Golden  Valley. 

E.  Greenstones   from  Hatter  *s  Hill. 

F.  Some   Graphitised   Rocks   of   doubtful   origin    from    the 

Comstock  Leases,  etc. 
Division  A,  the  Rocks  from  Westonia,  which  comprises  by  far 
the  most  diversified  and  important  types  in  the  whole  area  exam- 
ined,  is   sub-divided   on   a  petrological   basis   into   the   following: 
groups : — 

1.  The  Greenstone  Dykes. 

2.  The  Country  Greenstone  Rocks. 

3.  The  nature  of  the  Country'  Greenstone  Rocks  and  their 

mutual  relations. 

4.  The  Gray  Biotite-Gneiss  of  the  Lens  of  the  Main  Lode. 

5.  The  Quartz  Specimens. 

6.  The  Granites. 

7.  The  Aplite  or  White  Granite  Dykes. 

8.  The  HiU  End  and  Battler  Gneiss. 

III.— DESCRIPTION  OF  THE  ROCKS. 

A.— THE    ROCKS    FROM    WESTONIA    (INCLUDING    THE    HILL 

END   AND   BATTLER   LEASES). 

1. — The   Greenstone   Dykes. 

From  the  field  occurrences  as  observed  by  Mr.  Blatchford  vari- 
ous greenstone  rocks  occur  undeniably  as  dykes,  while  others  have 
lield  relations  that  are  somewhat  doubtful  though  possessing  gen- 
eral microscopic  characters  to  some  extent  similar  to  rocks  that  are 
certainly  dykes.  Microscopic  investigation,  therefore,  has  been  made 
of  these  various  rock  specimens  with  the  object  of  ascertaining 
(a)  the  characters  of  the  specimens,  (b)  their  relationships  one  to 
the  other,  and  the  extent  to  which  they  may  be  correlated  and  estab- 
lished as  continuous  or  parallel  and  genetically  similar  dykes,  or  as 
identical  dykes  at  different  levels.  Since  it  is  a  very  well  known 
fact  that  in  greenstone  areas  such  apparently  diverse  types  of  rock 
as  hornblendite,  epidiorite  and  hornblende  schist  may  all  occur  as 
mere  variations  of  one  large  mass,  passing  by  almost  insensible  gra- 
dations from  one  into  the  other,  it  will  be  realised  that  it  is  extremely 
difficult  to  draw  any  hard  and  fast  line  of  demarcation  as  geneti- 
cally different  dykes  between  greenstone  specimens  on  a  basis,  say, 
of  the  presence  or  absence  of  felsjiar,  or  the  occurrence  of  a  certain 
degree  of  foliation  or  even  on  the  presence  or  absence  of  quartz. 
It  is  only,  indeed,  by  careful  consideration,  not  alone  of  the  differ- 
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eores,  but  also  of  the  resemblances  both  mineralogical  and  ^truct- 
ural,  and  equally  important,  of  the  mode  of  occurrence  of  the  rocks 
tliat  reliable  conclusions  as  to  the  relation  between  them  can  be 
arrived  at.  In  many  cases,  even  then,  subsequent  developments 
may  necessitate  a  modification  of  the  original  views,  especially  when 
'he  evidence  formerly  existing  has  not  been  as  clear  as  the  import- 
ance of  the  questions  involved  rendered  desirable. 

In  the  present  case,  not  only  with  regard  to  the  greenstone 
dykes  but  with  regard  to  all  the  groups  of  rocks  from  the  area  under 
consideration,  the  conclusions  arrived  at  have  been  based  on  the  evi- 
dence afforded  both  by  the  mineralogical  and  structural  differences 
and  resemblances  between  the  specimens  and  by  the  circumstances 
of  occurrence  in  the  field,  or  in  the  mines. 

Briefly,  the  result  has  been,  in  the  case  of  the  greenstone  dykes, 
the  formation  of  the  following  groups: — 

(a)  That  of  specimens  U^^fl  [^J-^],  Uirrl  UUl  [ttJtI  hi  si 

(b)  That  of  the  specimens  [^J-^-]  €Mid[||^J^^]  from  the  Depressed 
Bore  from  Edna  May  Deeps. 

(c)  That  of  specimen  [^i^]. 

(d)  That  of  [Ttfl^]  and  [jtItI'  *^^  ^^®  ^°^®  ®°^®  *^  ^^*  ^®®* 
m  DufPs  Bore,  Edna  May  Deeps — [y|^]. 

Character  of  the  Specimens: — 

[a]  The  characters  of  the  group  may  be  best  studied  in  [i^J-^l 
and  [^J-j]. 

[ffVij]  From  South  Crosscut,    225ft.    level,   Edna  May  Mine. 

This  is  a  platy  prismatic  hornblenditc  consiflting  entirely  of  a 
rather  eoarre  plexus  of  platy  crystals  and  platy  prisms  of  rather  pale 
green  actinolitie  hornblende  with  the  interstices  occupied  by  a  little 
pleoebroic  reddish  chlorite,  which  in  places  approximates  in  optical 
<'haracterB  to  biotite.  There  are  grains  of  pyrrhotite  and  smaller  grains 
of  magnetite  scattered  over  the  slide.     (Fig.  61.) 

[sJ-T-l   From  the  Main  Crosscut,  300ft.  level,  Edna  May. 

This  rock  is  identical  with  [^|^]  both  in  composition  and  structure 
being  only  slightly  coarser  in  grain. 

[ft  1*1-     From  Edna  May  Deeps,  485ft.  level,  side  of  Drive. 

This  is  an  actinolitie  chloritic  homblendite,  rather  fine-grained, 
conristing  of  a  mass  or  indistinct  plexus  of  small  ragged  prisms  and 
plates  of  pale  green  hornblende  with  interstitial  pleochroic  fiakes  of 
T<»<ldish -yellow  chlorite.  A  very  small  amount  of  granular  iron  ore 
(pyrites,  etc.)   is  sometimes  visible. 

[•rJrs*]'  From  the  same  Mine,  but  from  the  Winze  at  the 
mn,  level. 

This  is  rery  similar  to  rTlTA~;,  but  is  somewhat  coarser  and  less 
platy,  and  with  a  more  distinct  plexus  of  prismatic  hornblende  forms. 
Sulphide  ore   (pyrrhotite,  etc.)   is  also  more  common. 

There  can  be  little  doubt  that  [jirA]  *»d  [t^tB]  ""^  portion^  qt 
Ute  mai9  rook  ifiass,  ' 


[..i^]  and  l-..'^].  From  End  of  main  Crosscut,  150ft.  level, 
Edna  May. 

This  rock  is  conaiderabl?  decomposed  and  hence,  though  its  broad 
characters  are  fairly  easy  to  detoruiine,  its  relBtionsbip  to  fresher  rocks 
is  ratlier  indistinct.  It  is,  however,  an  actinolitic  prismatic  chloritic 
hombleiidite.  Neither  quartz  nor  felspar  was  identified,  and  both  the 
structure  and  coni[iogition  agree  closely  with  those  of    LsIs]    ^f"*    -sii]- 


This  specimen  ia  extremely  decomposed,  and  it  has  only  been  after 
special  Ireatnient  with  bnlsam  that  a  section  of  it  has  been  obtainable. 
On  account  of  the  chemical  and  niineralogical  alterations  that  have 
taken  place  in  tlie  rock,  correlation  of  it  is  difficult,  but,  allowing  for 
llip.-e,  it  ap])ears  to  resemble  closely  [bJbj  above. 


;   Sliaft,  150ft.   Level, 


felsjiar   develupeil. 

[-ill]'    [*Jiil>   *'>d    [„«;]    are  tlierefore  cli)sely  similar  to  one 
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[_i._.]     From  the  End  of  East  Drive,  150ft.  Level,  Edna  May 

^line. 

This  is  a  chloritie  platy  prismatic  hornblendite  which,  owing  to 
the  presence  of  an  amount  of  kaoliuised  felspar  that,  though  very  small 
relative  to  the  hornblende,  is  yet  greater  than  in  L^^a],  approximates 
:♦.»  an  epidiorite.  The  rock  is  finely  schistose,  in  this  respect  and  in  the 
prec^enee  of  felspar  differing  from  [j^s2  and  [i-J*..  In  the  appearance 
snd  structure  of  the  hornblende,  however,  it  resembles  both  [^J^J  and 
^s'izl*  *^d  as  [^^2]  also  contains  a  little  felspar,  it  may  be  regarded  as 
D  intermediate  stage  between  [^jiuJ  and  [  ^tf?]* 

(b.)  This  is  represented  by  [^Jy]  and  [mJ;?],  from  the 
Depressed  Bore,  Edna  May  Deeps  Mine,  and  the  Depr.sed  Bore, 
Edna  May  Mine,  [s  J;],  Edna  May  "  Deeps  "  470 feet.  [« ^ d*  Edna 
liepressed  Bore  V.D.,  427  feet. 

[>rJ^T-l    Erorn  470ft.  vertical,  Edna  May  Deeps  Mine. 

This  is  a  schistose  rather  fine-grained,  elongated  prismatic  horn- 
blendite rather  resembling  [ths]  and  [feit],  but  much  finer  in  grain, 
ar«l,  ill  places,  with  \ery  small  elongated  colourless  patches  of  irides- 
f»*nt  scales  which,  though  difficult  to  determine,  possibly  represent 
felspar   that  has  been   kaolinised   or  micacised. 

[sj-g-]  From  Edna  May  Depressed  Bore,  427ft.;  is  similar 
to  [^Jr]     and  calls  for  no  individual  description. 

The  important  point  with  regard  to  these  two  specimens 
(which  are  identical)  is  to  what  are  they  related?  Undoubtedly  in 
s-trueture  and  in  the  preponderance  of  hornblendic  prisms  and 
plates,  they  resemble  [^J^]  and  [^li]  •  Though  in  the  two  latter 
there  is  no  trace  of  the  clear  patches,  it  must  be  remembered  that 
[nij]  and  [^Jo"] — specimens  which  are  correlated  with  [hI^j] 
aiid[i:jj^j]  —  there  are  also  clear  patches,  demonstrably  felspar. 
Moreover,  certain  portions  of  the  slides  of  [^J;],  in  which  these 
patches  are  rare  or  non-existent,  are  scarcely  distinguishable,  ex- 
cept in  size  of  grain,  from  sections  of  [^JvrT]-  -^o^in,  the  presence 
or  absence  of  a  small  proportion  of  felspar  in  specimens  from  a 
irreenstone  complex  cannot  be  rej^arded  as  a  criterion  of  any  weight 
s<>  far  as  difference  in  origin  is  concerned,  since  in  numerous  cases 
all  trradations  have  been  traced  from  gabbros  with  appreciable 
felspar  to  pyroxenites  with  no  felspar,  and  epidiorites  and  horn- 
blendites  have  without  doubt  been  derived  bv  thermo-dvuamic 
metamoiphism  from  these  rocks. 

There  is  little  doubt,  therefore,  that  [^Jt]  and  [hJb]*  though 
placed  in  a  separate  group  (b),  are  to  be  correlated  with  group 
•  a),  and  this  conclusion  is  in  accord  with  the  suggestions  of  tiic 
Held  evidence. 

(c)    This  group  is  represented  by  one  specimen  only: — 
Iffifl      I'rom   south-west    end    of   No.    2    Reef,   225ft.    level, 
E<ina  May  Mine. 

The  rock  is  extremely  weathered,  of  a  dirty  yellowish  colour  and 
rery  friable.     It  is,  therefore,  very  difficult  to  obtain  a  section  of  it. 


268 

and  it  was  only  through  treatment  with  balsam  that  this  was  practic- 
able at  all,  while  the  section  itself  was  only  of  indifferent  value.  Tha 
rock  consists,  however,  of  platy,  granular,  and  fibrous  aggregates  of 
chloritised  hornblende,  mostly  loose,  with  interspersed  grains  and  small 
laths  of  generally  twinned  felspar  and  small  grains  of  quartz.  Some 
of  the  hornbiendic  aggregates  are  devoid  of  either  felspar  or  quartz. 
The  structure  of  the  rock  is  too  indefinite  for  correlation!  but  both  it 
and  the  composition  of  the  rock  are  not  unlike  what  would  be  produced 
by  the  weathering  of  such  a  specimen  as  (jf^],  if  rather  more  ielspar 
were  present  than  is  the  case  in  [yiuJ.  The  original  was  undoubtedly 
hornbiendic  and  felspathic,  and  was  probably  a  fine-grained  epidiorite 
or  amphibolite.  It  is  placed  in  a  separate  group,  partly  on  account 
of  the  indefiniteness  of  its  petrological  character  due  to  decomposition, 
and  partly  owing  to  the  definiteness  of  its  occurrence  as  a  dyke. 

(d)  The  specimens  included  here  are  [g^|i7]i[]?fT]»  aiid  tho  bore 
core  at  364ft.  in  Duff's  Bore,  Edna  May  Mine. 

[¥TT7*]     I^^rom  the  Depressed  Bore,  Edna  Deeps  Mine,  113ft.- 

116ft. 

This  is  a  fine-grained,  green  and  brown  facies  consisting  of  a  gran- 
ular mass  or  aggregate  of  small  plates  and  irregular  small  stout  prisms 
of  green  hornblende — at  times  chloritised — ^numerous  small  irregular 
brown-red  scales  and  scaly  aggregates  of  biotitic  chlorite  associated 
with  the  green  hornblende  forms,  and  small  prisms,  plates,  or,  rarely, 
indistinct  small  columns  of  felspar  occasionally  partially  kaolinised. 
In  places  in  the  slides  the  hornblende  crystals  form  platy  and  stout 
prismatic  aggregates  to  the  exclusion  of  the  other  constitutents.  Many 
of  the  micaceous  flakes  are  in  part  brownish,  in  part  green,  as  if  the 
biotite  forms  were  derived  from  green  chlorite  arising  primarily  from 
the  hornblende.  Numerous  grains  and  aggregates  of  sphene  occur  in 
association  with  the  hornblende.  The  structure  of  the  i^ides  is  essentially 
fine  granular,  and  a  slight  suggestion  of  parallel  alignment  of  the  con- 
stituents is  noticeable  in  places. 

The  rock  is  a  fine  granular,  biotitic  and  chloritic  hornblende- 
felspar  amphihoUte. 

[tttt-]  ^^^^  t^6  -^^^^^^  heveiy  Edna  May  Deeps  Shaft. 
The  specimen  shows  a  contact  between  a  finely  schistose,  fine-grained 
dark-green  rock  and  a  coarser-grained  grey  granitic  or  gneissic 
rock  with  marked  foliation.  The  fact  that  the  strikes  of  the 
foliation  in  the  two  facies  can  be  seen  in  hand  specimens  to  meet 
at  a  pronounced  angle  is  evidence  that  the  two  facies  are  not  intimately 
related  to  one  another  as,  for  instance,  basic  and  acid  segregations,  but 
that  one  is  most  probably  a  dyke  in  the  other.  (Fig.  62.)  From  the 
field  evidence,  the  greenstone  is  the  dyke. 

This  greenstone  is  in  section  a  finely  schistose  rock  consisting  of 
small  rods,  plates  or  flakes  of  green  hornblende  elongated  in  numerous 
indistinct  lines  and  associated  with  occasional  brown-red  biotitic  flakes 
or  rods  and  sphene  granules,  separated  by  a  large  number  of  paitially 
kaolinised  small  felspar  plates,  with,  in  many  cases,  a  similar  parallM 
elongation.  There  are,  however,  many  larger  platy  forms  without  de- 
finite alignment.  The  structure  is  fine-grained  granular,  finely  s.'histose, 
and  there  is  a  preponderance  of  the  colourles^s  constituent.  Quartz  was 
not  definitely  recognised. 

The  rock  is,  therefore,  a  finely  schistose,  granular  hornhlende- 
hiotite-felspar  amphibolite. 


[r^.-]  Srecimen  from  364ft.  in  Buffs  Bore,  Edna  May 
r^-i-s  iline. 

This  consistn  of  a  fine-grained  aggregate  of  prisms  and  plates  of 
.T'fnUh  hornhlt'iKle  with  a  emaller  amourrt  of  asaociated  brown-red 
"lite  and  biotitio  cblorite  s:'ales  as  a  vetj  loose  plexus  in  which  are 


Photo:  R.  A.  FBrguharmn.  Neg,    IflOfi. 

[,',[]    Showing  a  contact  between  a  finely  BcblstoBe  dark- 

gc«en  taomblendlte  and  a  coarBer-sralned  granitic 

or  gnelBsic  roek. 

•aaW  plat(g,  tliia  and  stout  partially  kaolinised  columns  of  felspar,  that 

ire  frequently  [.artially  moulded  by  the  ferro-magneBian    with  the  pro- 

'li'lion  in  places  of  a  Miggestion  of  ophitic  structure,     (Pig.  63.) 

A»  in   [^5],    there  aie  psti/hes  that  are  aggregates  exclusively  of 

"'^'11  |>iale»  and   priiims  of   hornblende.      A   very  Bniail   amouu-t  of   in- 

t'!'liliiil  quartz   appears   to   be  present. 

The  rock  is  a  someivhat  fine-grained  hornblende-hiotite-feUpar 

^'»k  probably  best  described  as  an  ampliibolite,  with  hornblende 

wiJ  felspar  in  nearly  ecjual  tjuantities. 

From  the  deacriptiona  it  nitl  seem  that,  except  for  the  pro- 
nounced foliation  or  schistosity  in  [a:;i].  the  throe  apacimens  [hIj], 
■  •:tI>  and  364ft.,  agree  very  closely  both  in  structure  and  mineral 
imposition.  Certainly  when  compared  with  the  other  rock 
iwies  of  the  whole  field  they  form  a  distinct  oLase  by  themselves, 
^'^  Wkce  according  to  Mr.  Blatchford,  field  observation  supports 
^  eenetie  connection  between  them,  and  indicates  their  occurrence 
**  dykes,  the  whole  of  the  evidence  available  warrants  their  being 
nnelated  tt^ether  as  the  same  or  similar  dykea. 
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The  results  of  examination  of  the  greenstone  (1,vkes,  therefore. 
indicate  the  e.viatence  of  three  groii|is,  vik.  : — 

Group  1  ;  including  [),J-s],  [j^ffj].  etc.,  along  with  [„5t]    and 

Group  (b)  thus  mei^s  into  Group  (a). 

Group  2:  incluiling  one  specimen  only,  viz.,  [;J.,]  which  is 
separated  on  account  of  its  extremely  decomposed  state  and  conse- 
quent indefinite  petiologicul  character,  and  oa  account  of  its  very 
distinet  occurrenee  as  a  dyke. 

Group  3:  ineliiding  [ji'jf],  [gry].  and  tlie  core  specimen  from 
3G4ft.  in  Duff's  Bore,  E<lna  May  "Deeps"  Mine. 


[^■g]  364ft.  in  Duff's  Bore:  Showing  the  flne-srained 

agsregate  of  prisma  and  plates  of  hornblende  and 

small  plates  and  columns  of  felspar. 

2. — The  Oountby  Greexstoxb  Rocks. 
Owing  to  the  e.ttremcly  weathered  cliaracter  of  the  surface  of 
(he  country  and  to  the  paucity  of  the  outcrops,  it  is  possible  only 
in  a  few  plates  to  obtain  specimens  illostrating'  t)ie  geological  coii- 
slitiition  of  tlie  country  in  which  the  lens  of  the  Main  Lode  occurs. 
As  several  bores,  however,  have  been  put  down  in  connection  with 
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f  fce  mine  workings,  an  examination  of  these  has  to  a  certain  extent 
•iniplified  the  meagre  evidence  from  the  outcrops.  The  character 
••t"  the  roT'ks  has  been  determined  from  the  following  sources  of  in- 
ftji'mation : — 

(1.)   The  outcrops  themselves. 

(2.)   The  Bore  cores,  particularly  Duff's  Bore,  Edna  May,  the 
Xo.  3  Bore,  Edna  May,  and  the  Bore  put  down     in 
Weston's  Reward  Mine. 
(3.)   The  section  exposed  in  the  Plat  in  the  Edna  May  Mine 
at  the  300ft.  level. 

(1.)  The  Outcrops: 
(a-)  The  chief  of  these  occurs  as  an  ill-defined  band  mapped 
as  a  Ion?  attenuated  lens  with  doubtful  boundaries,  extending  from 
tl.e  Junction  Lease,  through  the  Edna  May,  Myrtle,  Recover^',  and 
Advance  Leases  and  the  South-West  corner  of  G.M.L.  2079,  disap- 
f -earing  at  the  north-west  comer  of  the  Elsie  Lease.  Whether  it 
Miins  out  to  a  vanishing  point  at  this  corner  or  merely  disappears 
•►wine  to  being  covered  from  view  by  the  overburden  is  not  at  pre- 
^nt  determinable.    The  rocks  of  the  outcrops  are  represented  by : — 

:i3996],    [18W7],    [18998],  [^V].    [tV]»    and    by    some   slides  fur- 
ni«?hed  by  Mr.  Blatchford. 

;"  13996]  from  G.M.L.  2081:— 

This  19  a  rather  coarse-grained  indistinctly  foliated  dark-green  and 
•^hite.  dioritic  rock,  the  green  portions  being  composed  of  needles  of 
bornMende  in  parallel  alignment. 

In  Fection,  the  essential  minerals  present  are  hornblende,  quartz, 
r-d  felj^par. 

The  hornblende  occurs  in  ragged  plates  and  pjrisms  in  imperfect 
^•nnds,  the  crystals  being  more  or  less  in  parallel  alignment  and  occasion- 
a.'Iy  f»<?rf orated  by  round  quartz  and  felspar  plates.  In  places,  an  altera- 
tion to  greenish  chlorite  is  visible,  in  places  a  brownish-red  biotitic  flake. 
f^-twren  the  hornblendic  bands  are  partially  or  wholly  kaolinised  and 
TL:r-aci«e<I  plates  of  fel.«par,  some  polygonal,  and  then  forming  a  very 
»r»arse  or  occai-ionally  a  fine-grained  mosaic^  others  of  granitic  charac- 
ter. The  felppar  is  generally  much  altered,  and  frequently  the  plates 
are  roughly  orientated  in  the  direction  of  the  hornblendic  bands.  Mea- 
surement of  extinction  angles  was  generally  impossible,  but  in  two 
t'^se^  the  angles  were  those  of  andesine.  Potash  and  other  species,  how- 
ev*T,  are  probably  also  present.  Many  of  both  the  quartz  and  felspar 
rrystals  are  cracked,  and  in  some,  irregular  extinction  is  observed.  In 
Mfne  of  the  hornblende  crystals  pleochroic  halos  round  sphene  granules 
ire  visible.  There  are  rare  grains  of  epidote.  The  quartz  is  in  irregu- 
lar plates,  but  it  is  not  so  common  as  the  felspar.  An  imperfect  gneis- 
-ose  structure  is  shown  in  section. 

The  rock  is  a  gneissose  hornblende  felspar-quartz  rock,  a  gneis- 
Mjae  quartz-^iorite  closely  resembling  the  facies  in  Duffs  Bore  at 
789  feet. 

[13997]   from  G.M.L.  2688:— 

This  is  a  finely  foliated,  greyish-green,  fine-grained  rock  with 
nnmerous  upedles  of  hornblende  on  the  foliation  surfaces.  The  rock 
\%  extremely  friable. 

There  are  in  section,  numerous  plates  of  clear  quartz,  and  felspar 
in    tables   and  columns   elongated   more   or  less  in   the   same   diroc- 
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tion,  areas  of  coarsely  granulitiaed  quartz  and  felspar  plates,  and  octa- 
Hiooal  rounded  crystals  of  both  felspar  and  quartz  apparentl?  untouched 
in  the  process  of  eloogation.  In  this  masB  are  irrejwlai;  bands  of  small 
bomblende  prisms  all  arranged  more  or  less  with  their  long  axes  parallel, 
some  thick,  some  thin.  The  hornblende  forms  are  usually  is  bandn,  but 
many  of  the  fuiaDer  rods  ami  grains  are  sporadiially  scattered.  Inter- 
spersed with  tlie  bands  are  occasional  flakes  of  broirn  biotite  aiid  a 
brownish  chlorite  perhaps  in  course  of  alteration  to  biotite.     (Fip.  64.) 

Fig.  64. 


There  arc  ca^es  in  which  the  biotite  is  fairly  evidently  in  course  of  for- 
mation from  iirccn  chlorite,  Kome  plates  beinj;  half  biotite  and  half 
chlorite.  Most  of  the  felspar  is  fresh,  but  some  larger  plates  are  clouiled 
by  kaolin.  There  is,  in  general,  liltle  irregular  ciitinction,  and  no  crnck^ 
were  observed  in  the  crystals.  The  structure  is  more  or  less  distinctly 
foliated. 

The  rock  is  a  graniilitie  hornhle.nde-quarU-fehpar  gneiss. 

[13998]   from  G.M.I,.  2fi8S;— 

This  specimen  is  a  ilnrk-green,  rather  fine-grained,  finely  foliated 
hornblendic  rock  nith  needles  of  hornblende  with  parallel  orientation  on 
the  foliation  nurface. 

In  structure  and  composition  it  is  very  similar  to  the  previous 
specimens.  There  are  numerous  irregular  grains  and  flakes  of  greenish 
hornblende  in  a  mass  composed  in  places  of  a  granulitic  mosaic  of  the 
same  mineriils,  Occnsiuual  crystals  of  quartz  and  of  felspar  larger  than 
usual  hUo  appear, 

Tlie  roek  is  a  folialed  fine  praniilar  to  ^anulitic  quart;-felspar 
ampliibolile  verging  on  a  granulitic  hornblende  gneiss, 
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[^Vl  ^I'om  bottom  of  Recovery  Shaft,  G.M.L.  2087:— 

The  rock  is  a  medium-grained  greyish-green  dioritic  rock  with  an 
iMistinet  foliation  observable  on  some  fractured  surfaces.  Green  horn- 
^knUe  is  apparently  the  chief  mineral  constituent. 

In  seetioD,  the  rock  is  composed  of  imperfect  interrupted  bands  of 
rreea  hornblende  in  irregular  plates,  platy  aggregates  and  ragged  prisms, 
«ften  with  a^so<*iated  granular  sphene  and  some  brown-red  biotitic 
l*kes.  separated  by  coarse  polygonal  plates  of  felspar  clear  or  only 
slightly  kaoIinL«0(l.  The  felspar  plates  are  frequently  untwinned,  but 
iipnerally  broadly  lamellated  when  they  are  twinned,  though  suitable 
-•^tions  for  determination  of  the  species  are  not  preseutt.  Rarely  a 
•r^-ii^-h  banding  is  noticeable  in  the  large  felspar  plates.  A  striking  fea- 
tire  of  the  slides  is  that  quartz  appears  to  be  absent  from  them,  even 
tag  clearest  crystals  proving  to  be  felspar. 

In  sections,  however,  of  another  specimen  from  near  the  same 
i'>FaIity,  gome  large  ragged  plates  of  quartz  are  undoubtedly  present, 
an.i  the^e  show  cracks  and  irregular  extinction. 

Iron  ores  are  not  uncommon  in  ragged  grains,  and  some  calcite  is 
p^•^ent  in  some  sections. 

The  structure  most  closely  approaches  a  very  coarse  mosaic  of 
^bieh  the  elements  are  large  polygonal  plates  of  felspar  and  in  which 
tbe  hornblende  forms  occur. 

The  rock  is  an  obscurely  foliated,  coarsely  granulitic  horn- 
''Unde-felspar  amphibolite.  From  the  various  sections  it  is  evident 
that  while  some  portions  are  devoid  of  quartz,  others  certainly  con- 
tain it,  and  these  latter  are  rather  granulitic  hornblende  gneisses 
than  amphibolites. 

[^]  from  G.M.L.  2087:— 

This  is  a  fine-grained  very  dark  grey,  finely  foliated  rock  with 
QQraerous  black  scales  of  biotite  on  the  foliation  surfaces. 

In  section  there  is  a  marked  foliation  shown  by  numerous  grains, 
=mall  ragged  plates  and  prisms  of  green  hornblende  with  numerous 
'"'li's  and  flakes  of  brown- red  biotite  and  biotitic  chlorite  associated 
"i-h  tho  hornblende  as  well  as  occurring  separately,  all  arranged 
"^ith  their,  long  axes  parallel,  and  forming  strings  and  thin  bands  separ- 
ateil  and  interrupted  or  punctuated  by  numerous  small  polygonal 
'^rvstals  of  felspar,  with  quartz  plates  occurring  in  strings  or  veinlets*. 
•n  places  some  much  larger  elongated  quartz  plates  also  occur  in  strings 
f*t  bands,  and  some  bands  of  coarse,  slightly  kaolinised  felspar  plates 
also  occur.  There  is  a  considerable  amount  of  pyritic  ore.  Many  of 
^^  hornblende  forms  show  a  partial  alteration  to  chlorite  and  then  to 
^■ro'.vn  biotitic   flakes. 

The  structure  is  markedly  granulitic  and  foliated. 

'Hie  rock  is  a  hiotite-hornhlende  gneiss. 

The  sections  forwarded  by  Mr.  Blatchford  include  two  from  ih(5 
^'o.  2  Bore,  Edna  May,  Nos.  2857  and  2858.  These  prove  to  be 
*De-?rained  granulitic  hornblende  schists,  with  marked  schistosity 
'^i*  ineipient  foliation.  They  consist  of  numerous  long,  thin  roda 
"^  prisms  of  green  hornblende,  all  with  parallel  alignment  and  fre- 
'"i<?ntly  perforated,  separated  and  interrupted  by  an  equal  number 
"f  grains  and  small  plates  of  felspar,  lenticular  or  in  long,  thin 
'^^apcs,  elongated  parallel  to  the  hornblende.  Generally  the  fel- 
^!'ar  is  fresh,  but  in  places  it  Is  partially  kaolinised.  Quartz,  if  pre- 
^^t,  is  but  poorly  developed.     Some  specimens  are  rather  coarse- 


grained,  with  lar^pr  hornblende  prisms  and  widi  rare  altpied  fibrou* 
reddish-brown  flakes  of  biotitie  cliaraeter. 

Anolher  section,  No.  2862,  from  near  the  Board ing-lio use,  Duffs 
Lease,  is  very  similar  to  the  above,  but  more  intensely  homblen.l-e, 
with  hornblende  in  small  rods,  plates,  or  grains  with  general  parallel 
alignment,  but  with  little  of  Ihe  felsjar  mosaic. 

No.  28.19,  from  G.M.I,.  2C88,  is  another  very  fine-grained  granii- 
litic  amphibolite  or  horn  blonde-schist  (according  to  the  direction  in 
which  the  seclion  is  cut),  with  a  preponderance  of  srajJl  pale-sre«ii 
hornblende  grains,  perforated  plates  or  prisms  separated  by  smnll 
felspar  grains  and  plates.     (Fig.  (i5.) 


Photo;   R,  A.  ParuuharBOn.  Seg.  1609. 

Section  2859;  The  fine-grafned  granoUtlc  bomblendo 
BchiEt,  Blowing  tlie  Btmctora. 

No.  28G0,  from  G.H.L.  2079,  is  rather  similar  to  No.  2859,  b.n 
the  hornblende  oceurs  almost  to  the  exclusion  of  the  colourless  cim- 
stitucnts.  Moreover,  it  is  not  in  rods  or  elongated  jirisras,  but  is 
filaly  or  stumjiy  prismnlic,  and  the  individuals  are  mucli  larger  ii. 
size.  The  plales  are  separated  by  a  very  sparsely  developed  fin- 
grained  fels|;ar  mosaic.  Granular  sphene  is  noticeable.  This  facias 
is  a  fine-graimtl,  platy  or  prismatic  amphibolite,  though  its  striic- 
lure  may  be  foliated  in  a  section  cut  in  a  different  direction. 

Finally,  No.  28(il,  from  G.M.L.  2088,  is  another  graniililic 
hornblende  scliisl    or  gneiss,   with    pale-yellowish-green    hornblende 
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mil  eh  in  excess  of  the  clear,  granular,  felspar  mosaic.     Some  rare 
r-ethiL-^h -brown  biotitic  scales  occur  with  the  hornblende. 

(b.)  Another  virtual  outcrop  occurs  in  a  shaft  just  outside  the 

.-^•uih-west  corner  of  G.M.L.  2762.     It  is  represented  by  two  speci- 

z:^n&  [13999]  and   [.,IJ. 

[13999]:— 

Ibis  is  a  medium -grained,  greyish  black  rock  with  imperfect 
ftliation  and  with  numerous  small  black  prisms  and  rods  of  horn- 
r'Lr^de  showing  on  the  surface,  mostly  with  parallel  orientation.  The 
crosa  fracture  has  a  vitreous  appearance. 

The  rock  consists  of  a  highly  granulitic  mass  of  small  felspar  and 
qsartz  plates  of  more  or  less  polygonal  shape,  forming  a  mosaic  in 
vhleh  are  fairly  numerous  small  grains  and  flakes  of  a  yellowish-green 
bfmblcnde,  in  places  partially  chloritised.  Indistinct  aggregates  of 
y^'llow  epidote  are  alFo  present.  The  felspar  is  generally  fresh  and 
isttvinned,  but  twinned  plates  occur.  The  structure  is  certainly  granu- 
litic, occasional  large  plates  of  quartz  and  felspar  being  visible  that 
are  almost   wholly  granulitised. 

The    rock    is    a    granulitic    hornhlende-f  els  par-quartz    rock,    a 

srranulitic  hornblende  gneiss  with  imperfect  foliation. 

[c,^.^].  from  the  South-West  corner  of  G.M.L.  2762,  close  to 
:i3999j  :— 

This  is  a  much  weathered  reddish,  iron-stained  rock  markedly  foli- 
ate<l  with  small  imperfect  bands  of  felspar,  and  with  micaceous  chloritic 
seales  of  a  yellow  colour  on  the  foliation  surfaces.  The  appearance  of 
tne  rcH-k  at  once  suggests  that  it  is  a  highly  altered  form  of  [13996]. 

In  election,  this  suggestion  is  confirmed.  Though  decomposition  is 
advanced  and  the  slides  are  heavily  iron-stained,  imperfect  bands  of 
kaolinised  felspar  and  subsidiary  quartz  plates  are  interspersed  with 
jellowish-gxeen  and  iron-stained  ragged  chloritic  prisms  that  have  been 
< {thrived  from  the  decomposition  of  hornblende  prisms.  The  felspar  and 
quartz  form  a  coarse  mosaic  of  polygonal  plates.  The  chloritic  forms 
are  all  in  parallel  alignment. 

The  rock  is  decomposed  foliated  hornhlendic  gneiss,  originally 
similar  to   [13996]. 

(c.)  An  outcrop,  or  what  is  equivalent  to  an  outcrop,  occurs 
at  the  old  townsite  near  the  western  margin  of  the  granite  outcrop 
on  which  the  townsite  stands.    The  rock  is  represented  by  [13390]. 

This  is  a  distinctly  foliated,  variegated  rock  consisting  of  pale 
in^eeiLifih-white  bands  and  streaks,  between  which  and  through  which  are 
[atefaes,  bands  and  streaks  of  dark-green  colour  composed  of  parallel 
Deedles   of  hornblende. 

The  rock  in  section  consists  of  bands  or  patches  of  polygonal  plates 
of  felspar  with  irregular  plates  and  grains  of  colourless  augite,  and 
rands,  patches  or  streaks  of  grains  and  prisms  of  green  hornblende  in 
\ense  aggregates  with  or  without  associated  small  plates  of  fresh  or 
kaoliniseil  felspar.  There  is  a  sensible  parallel  alignment  of  the  horn- 
Kende  forms,  though  many  of  them  occur  with  a  single  set  of  cleavage 
traces  at  varying  angles  to  the  direction  of  alignment  or  banding. 
Sptbene  granules  and  calcite  grains  and  plates  occur  in  the  pyroxene 
bands.  The  hornblende  has  evidently  been  derived  from  the  pyroxene, 
!-inee  pyroxene  plates  partially  altered  to  greenish  hornblende  are  not 
ancommon.  In  some  places  the  hornblendic  bands  are  composed  of  small 
i^ins  and  rods  of  green  hornblende  associated  with  granular  felspar, 
snd  these  portions  show  a  resemblance  to  the  hornblende  schist  of  the 
Xo.  2  Bore,  Edna  May,  of  which  section  2858  is  an  example. 
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A  noteworthj'  feature  of  the  slides  ia  that  quartz  appears  to  ba  quite 
absent,  anil  this  conatitutee  aa  additional  resemblance  to  the  No.  2  Bore, 
as  well  as  a  Unit  with  section  2860  and  2859  alrea.ly  described. 

Ttie  rock  is  a  variegated,  partially  foliated  pyroxene-horn- 
blende- felspar  gneiss  witliout  quartz,  Coiuplele  alleration  of  tie 
pyroxene  to  tlie  green  hornblende  would  result  in  a  fairly  foliated 
hornblende  seliist. 

(d)  Outerops  of  greenstone  occur  at  Eoodalin  Soak  as  small 
islands  in  the  granite.  These  are  represented  by  the  single  speci- 
men [J]. 

This  is  a  rather  Gne-grained  dark-green  hornblendic  rock.  In  feetJon 
it  consista  of  a  loose  nia^s  of  long  thin  ragged  prisms  of  green  horn- 
blende in  all  orientations,  sometimes  in  aggregates  with  ragged  platt^s 
of  hornblende,  represented  by  a  fine-grained  mosaic  of  felspar  plates 
in  which  remains  of  former  columnar  felspar  crystals  still  remain,  ami 
in  which  are  numerous  grains,  rods,  and  fragments  of  the  green  horn- 
blende. The  felspar  is  highly  kaolinised,  and  quartz,  if  present,  ia  only 
in  very  small  quantity.  Though  no  foliation  was  noticeable  in  the 
secttODB  examined,  other  sections  cut  subsequently  s)iow  a  fine  foliation 
with  numerous  parallel  rOils,  needles  and  prions  of  hornblende  separated 
by  lijic-grained  granular  fels])ar  mosaic  in  which  many  small  grains 
of  hornblende  also  occur.     (Fig,  66.) 


The  rock,  therefore,  is  a  fine-grained,  finely  foliated  hombtetitif 
schist  or  cpiiliorite. 

(e)  From    the   Llo\'d    fioorye   I,ease   two   sj^eeimens   were  ob- 
tained,  [13993]   and   [13994]. 
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:  13993]  : 

is  a  fine-grained,  dark  grey-green,  finely  foliated  hom- 
lleDtlie  rock,  with  parallel  needles  of  hornblende  easily  visible. 

^*«ction6  consist  of  numerous  small  grains,  prisms  and  plates  of  green 
~omblen«ie  with  the  interspaces  occupied  by  grains  of  clear  quartz  and 
i^i.<{tar,  Ibe  latter  often  somewhat  turbid,  the  former  sometimes  rather 
large.  Marked  foliation  is  noticeable  in  suitable  sections.  The  structure 
i>  }^raDula.r.  in  places  the  hornblende  occurs  in  platy  or  prismatic 
a^irr^ates. 

The  rock  is  a  fine-grained,  finely  foliated  hornblende  gneiss  or 
•jranular   felspar-quartz  amphibolite. 

[13994] : 

This  is  another  finely  foliated  dark  grey-green  homblendic 
rofrk  witli  surfaces  silky  from  minute  needles  of  hornblende.  Micro- 
^zopicalljr,  the  rock  very  closely  resembles  the  sections  from  the  No.  2 
Bore^  Kdjoa  May  Lease.  There  are  numerous  more  or  less  parallel  small 
f'rians,  rods  or  grains  of  green  hornblende,  separated  by  small  polygonal 
srains  or  plates  of  clear  or  partially  kaolinised  felspar  forming  a  mosaic, 
(^artz.   though  carefully  sought  for,  could  not  be  identified. 

The  rock,  therefore,  is  a  finely  foliated,  fine-grained  prismatic 
or  roddy  hornblende  schist. 

(f )  A  specimen  was  obtained,  [-J^],  which  represents  the 
fTiintry  rock  of  the  Battler  Mine,  G.M.L.  2769.  This  is  a  very 
rine-^rrained,  dark  grey,  minutely  schistose  or  foliated  acicular 
'omblendie   rock,  with  patches  that  show  a  pinkish  tinge. 

In  section,  the  rock  is  a  fine-grained  granulitie  mass  of  small  grains, 
"T^Ls  and  prisms  of  yellowish-green  hornblende  with  their  long  axes 
arTange<l  more  or  less  parallel  but  not  in  definite  folia,  and  with  the 
mterspaces  between  the  rods  and  grains  occupied  by  small  grains  or 
plates  of  clear  felspar  and  occasional  quartz  grains.  In  places  the 
felspar  is  slightly  kaolinised,  in  places  zoisitised.  The  pinkish  tinge 
is  due  to  a  development  of  a  reddish  brown  biotitic  chlorite  which  oeca* 
»oballT  passes  into  biotite.  A  small  quartzo-felspathic  band  with 
?rannlar  zoisite  traverses  the  rock  parallel  to  the  direction  of  foliation. 
The  appearance  of  the  slides  resembles  to  some  extent  that  of  the  hom- 
Ul^mdie   patches  of  [13990]  from  the  Townsite. 

The  rock  is  a  schistose  or  foliated  granulitie  hornblende- 
feUpar  rock  or  acicular  hornblende  schist  verging  on  a  granulitie 
Uimblende  gneiss,  and  the  pinkish  tinge  arises  from  brown  biotite 
and  brown  biotitic  chlorite  fiakes. 

Other  specimens  from  a  section  at  the  bottom  of  the  shaft  in 
:le  Battler  Mine  are  represented  by  [xxV?]- 

This  is  a  very  fine-grained  finely  schistose  or  foliated  roddy  pris- 
siatie  hornblende  Fchist  with  pale  green  lenticles  of  diopside,  a  little 
^leite,  green  hornblende,  and  quartz.  The  hornblende  schist  consists 
of  BomeTOus  parallel  small  rods  and  prisms  of  hornblende  with  occasional 
ekinj^ted  scales  of  brown  biotite  and  biotitic  chlorite,  separated  by 
£ae  jjrrannlar,  slightly  kaolinised  felspar  plates.  Some  quartz  grains 
al»o  oecnr  with  the  felspar.  The  augite  plates  are  in  course  of  alter a- 
rirm  to  green  hornblende.  The  sections  are  identical  with  those  from 
r*.3  feet  to  205  feet  in  the  No.  3  Bore,  Edna  May.  It  is  highly  probable 
that  the  hornblende  schist  has  been  derived  from  a  pyroxene-felspar 
roek  Iry  the  breaking  down  and  alteration  of  the  augite  to  hornblende, 
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and  the  granulitisation  of  the  felspar  was  the  result  of  dynamie  stress. 
The  coarser  grained  and  more  hornblendic  specimens  represent  probablv 
a  facies  of  the  original  rock  in  which  augite  was  predominant. 

(g)  In  the  Edna  May  Consolidated,  white  clayey  rocks  with 
reddish  streaks  occur.  They  are  too  decomposed  to  be  sectioned, 
but  they  possess  characters  suggesting  an  origin  of  the  rock  from 
the  tremolitic  serpentinous  facies  to  be  described  subsequently  in 
connection  with  Duff's  Bore,  Edna  Miiy  Mine. 

(h)  Finally,  there  is  [y^Vy]  froni  one  noile  south  of  road 
Weston's  to  Boodalin. 

This  is  a  finely  foliated  dark-grey  rock  with  white  felspar  *  *  augen ' ' 
of  small  size  enclosed  by  wavy  folia  of  biotite  with  intermixed  felspar. 
There  is  much  biotite  in  small  scales  on  the  foliation  surfaces. 

In  section  the  rock  is  composed  of  patches  of  fine  granulitic  felspar 
and  probably  quartz  mosaic  enclosing  large  ragged  partially  granu- 
litised  and  slightly  kaolinised  felspar  plates,  with  small  elongated  patches 
of  a  mixture  of  coarse  felspar  and  quartz  plates,  and  numerous  small 
and  large  scales  of  brown-yellow  biotite  in  scattered  scales,  in  strings 
and  imperfect  folia. 

The  rock  is  a  foliated  biotite-felspar  gneiss  with  subsidiary 
quartz. 

(2.)     The  Bore  Cores: 

(a)  The  No.  3  Bore  Core,  Edna  May  [jV]. 

The  specimens  of  this  core,  ranging  from  a  depth  of  179  feet 
to  a  depth  of  251  feet,  consist  almost  entirely  of  fine-grained  granu- 
litic hornblende  schist,  sometimes  with,  sometimes  without  reddish- 
brown  biotite  and  chlorite. 

The  facies  from  the  dejiths,  179  feet  to  184  feet,  184  feet  to 
186  feet,  203  feet  to  205  feet,  230  feet  to  232  feet,  and  241  feet  to 
243  feet,  may  be  taken  as  typical  of  the  core. 

179  feet  to  184  feet. — The  rock  is  here  a  fine-grained  gran-ulitic 
hornblende  schist  v-'ith  reddish-brown  biotite  and  chlorite.  The  horn- 
blende is  in  perforated  plates  and  long  thin  needles  and  broader  ragged 
prisms,  and  is  associated  with  granular  polygonal  felspar  plates  fre- 
quently elongated  parallel  to  the  schistosity.  The  facies  has  the  struc- 
ture of  a  foliated  hornblende  gneiss,  but  quartz  is  either  in  extremely 
small  amount  or  entirely  absent.  There  is  considerable  resemblance  be- 
tween this  rock  and  [13994]  from  the  Lloyd  George  Lease. 

184  feet  to  186  feet. — Here  the  hornblende  consists  in  part  of  the 
fine  granular  roddy  prismatic  type,  and  in  part  of  the  coarser  ragged 
platy  and  prismatic  type.  With  the  latter  is  associated  kaolinised  and 
zoisitised  felspar,  and  a  quartz  veini  was  observed.  The  two  types, 
esi)ecially  the  latter,  resemble  the  hornblendic  bands  in  [13990]  that 
have  been  derived  from  an  original  pyroxene- felspar  facies, 

203  feet  to  205  feet. — The  facies  consists  in  part  of  a  fine-grained 
finely  foliated  or  schistose  granulitic  mass  of  felspar  plates,  hornblende 
grains  and  brown-red  biotitic  scales,  in  part  of  coarse  augite  (diop- 
side)  surrounded  by  ragged  green  hornblende  prisms  and  gradually 
passing  through  these  into  a  hornblende-felspar  portion  with  micacised 
felspars,  and  through  this  into  the  fine  granulitic  phase.  Some  large 
quartz  plates  are  associated  with  the  proxene. 

230  feet  to  232  feet. — This  portion  consists  of  lon-g  thin  needles 
of  hornblende  and  small  scales  of  brown-red  biotite  in  a  fine  granulitic 
mass  of  felspar  plates  often  elongated  in  the  direction  of  foliation. 
There  are  a  few  large  ragged  plates  of  hornblende  that  have  escaped 
the  foliation. 


241  fffit  to  243  feet.— This  faciea  is  coHrscr- grained  than  tbat  at 
'  fem  to  232  fe«t,  and  is  prBctieally  identical  witb  tbat  at  179  feet 
1S4  (set.     (Rg.  67). 


la  ihi-i  eure,  lliereEore,  tlie  rock  is  predominantly  a  graniilitic 
"mhlende  sehist-  siave  quartz,  llioiigb  present  in  some  slides,  is, 
•'  a  mie,  absent.  In  some  cases,  the  strncture  is  very  fine- 
-'■ained  and  roddy,  in  others  coarser-grained  and  prismatic  so  far 
'-  ibe  borablende  is  coneerned.  Furtber,  in  most  sections,  though 
^"'  in  all,  brown  biotit«  and  brown  biolitie  scales  are  common. 
^^'■^^  are  points  of  resemblance  between  some  of  the  seetions  and 
■  '  li'imbtendie  portions  of  [13990]. 

(b.)  Duff's  Bore,  Edna  May  Mine  [gV]. 

From  the  samples*  of  tbe  core  of  this  Bore  in  the  possession 
'he  IJe'ilogieal  Snn-ey,  the  evidence  afforded  by  the  bore  bearing 
■'  ihe  nature  of  the  country  roek  is  as  follows: — 

from  a  depth  of  180  feet,  at  wliich  the  samples  began  to  be  ool- 

M'-il,  anj  extending   with   slight  variations  to  a  depth  of   about  426 

<■  the  rock  is  a  biotite  granitic  gneiHs  of  which  a  descriptiou  will  be 

'■'ff.  snhsequently.     Between   these   limita,   180   feet  to   126   feet,  the 

'VUc;i  .-     not,  bmnTer,  couUiiootia. 


only  marked  rock  phanges  are  small  \eins  of  nhite  aplitic  granite  an 
at  364  feet  the  granuhtie  hornblende  biotite  faciee  already  discu^M 
in  the  section  on  the  Greenstone  Dykes. 

At  42  feet  hoK  ver  there  aj  pears  a  complete  change  of  coiiutr 
The  rock  at  ths  d  itl  is  an  a  tinolit  <■  chlintu,  hornblendite,  co 
Slating  of  a  pleMii  of  aeicilar  costolB  and  plates  o£  p-ile  green,  nearl 
colourless  hornblende  with  the  intirstices  oecupied  bv  '(eUovr  brow 
chiorite  (Pig  b8  )  FxtLft  for  the  occurrence  ot  grai  ite  veina,  tb 
homblendite  extenls  to  i  depth  of  4b5  feet  the  only  variations  i 
composition  noticeable  in  it  being  the  apjearance  of  some  browu-re 
biotiue  flakes  at  440  feet    and  some  cakite  grains  at  465   feet 


[3<^]  427ft.  in  Duff's  Bore,  Edna  May:  The  actlnolltlc 

horn1)letidlt«,    Btaowlng    tlie    plexus    of    ftclcnlat 

crystals  of  bomUende  In  cUoTite. 

At  465  feet  another  change  oecnrs.  The  rock  at  this  depth  is  rather 
fine-grained,  almost  black,  nith  numerous  minute  reflecting  scales  of  a 
micaceous  mineral  and  occasional  dense  black  thin  bands  or  streaks- 
Sections  show  a  niiitiire  of  thin  prisms  and  grains  of  colour- 
\esa  lioniblenile  (treiiiolite) ;  numerous  ragged  rectangular  scales 
of  a  mineral  that  is  very  pale-pink  in  colour,  |ileochroic. 
brilliantly  polarising,  with  the  cleavage  traces  filled  with  strinpi 
of  iron  ore;  numerous  small  brightly  polarising  grains  exhibiting 
cracks  and  re^^embling  olivine;  more  or  lets  disintegrated  colourless 
plates  with  cracks,  in  some  eases  like  the  cleavage  ot  a  pyroiene,  in 
others  like  that  of  hornblende;  many  bleached,  almost  isotropic  chlorite 
scales,  and  some  small  areas,  almost  isotropic,  of  serpentinous  material. 
There  is  much  granular  iron  ore  scattered  over  the  slide,  especially 
along  the   cleavage   traces   of   the   colourless   mtcaceouB   mineral.      The 


'  'wj-  eloselj  resembles  colourless 

at  of  potash  or  soila  in  the  analysis,  it 

me  spetiea.    (Fig.  69.) 


Piaia:  R.  A.  FarnubarwD.  Neg.   1613. 

Ly  MBit  in  jyoB'B  Bore:    Tlie  tremoUtlc-aerpentliioiia- 
lilaiitlc  facias,  sbowlng  one  variety  of  strQctnre. 

.The  rock  has  no  HeBoetl  Btnicture.  It  is  a  very  basic  tremolitic- 
■  Mii-!PrpentinouB  faciea.  An  analvBiB  of  portion  of  it  from  the 
"J  ■"■■'■1  IG.S.M.  1/39,  G.a.L.  64031)]  made  in  the  Survey  Labora- 
'■  nte  these   resnlts: — 

43-60 


TiC  .. 
COi'  .. 
P.O5  .. 
H0O+  .. 

k;o    .. 

Na,0  .. 

CaO  .. 

MgO  .. 

MnO  .. 

PeO  .- 

Fo^,  .. 

AljO,  ., 

Cr,0,  ., 

Fb&,  .. 
H^  — 


■37 
Nil 


AnalTSt— H.   Bowley. 
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The  extremely  basic  and  highly  magnesian  character  of  the  rod; 
is  strikingly  confirmed  by  this  analysis.  The  percentage  of  chrominm 
in  the  rock  is  noteworthy. 

The  466  feet  type  extends  to  498  feet^  except  for  breaks  of  aetino- 
lite-chlorite  rock  at  472  feet,  and  of  actinolitic  hornblendite,  with  brown 
and  green  chlorite  at  474  feet,  and  a  band  of  it  also  occurs  at  503  feet, 
511  feet,  and  516  feet. 

From  516  feet  to  520  feet,  the  acicular  actinolitic  hornblendite 
again  makes  its  appearance  with  hornblende  prisms  as  a  plexus  in 
chlorite,  of  which  much  is  brown  biotitic. 

Again,  from  527  feet  to  549  feet  the  facies  is  mostly  chloritic  horn- 
blendite, amphibolite  or  epidiorite.  There  is  a  break  at  542  feet,  which 
consists  of  imperfectly  foliated,  granulitic,  chloritic  biotite-quartz- 
felspar-hornblende  rock  that  may  have  arisen  as  the  result  of  heat  and 
pressure  metamorphism  of  a  felspathic  chloritised  amphibolite.  An 
analysis  in  the  Survey  Laboratory  of  a  facies  at  536  feet  [G.S.M 
1/39,  G.S.L.  6404D]   gave  the  following  results:— 

SiOg       ...         ...         ...         ...  50*69 

A-JLi^J^        .•«  «••  ...  ...  0«fi 

f  egv^g  ...         ...         ••«         ...  4u'ox 

FeO        8*04 

MnO      *25 

MgO       17'85 

\j8L\J  ...  ...  •••  ...  XX'  «0 

SS  &2\J       ••■  •..  ...  ...  *  «S  A 

J^2^  ***  ••■  **•  •••  *^^ 

JIqV^  ...  •••  ••.  ...  V/4 

xiov/ 'T'    •••        ••.        .••        ••.  ti' a 

Xlv^2  •■'  •••  ■*■  •'•  '<oO 

v/\^2       **■        •■■        ***         ■■*  jyxt 

^  2^^6  .■•  ...  ...  ...  X  § 

p  eo2       •••         •••         •••         >••  *v/i7 

V^r2V^3        .••  ...  ...  ...  0\9 


Total  100-33 

Analyst — H.   Bowley. 

At  5/i0  feet  there  is  an  imperfectly  foliated  highly  felspathic  facies 
in  places  coarsely  granulitic,  with  occasional  flakes  of  green  chlorite 
sometimes  obviously  changing  into  the  reddish-yellow  biotitic  variety 
and  in  places  with  numerous  flakes  of  brown-red  biotitic  chlorite 
and  biotite  that  have  fairly  certainly  been  derived  from  pre-exist inj 
chlorite.  Rarely  a  fragment  of  green  hornblende  occurs.  By  furtlie 
change  of  the  green  chlorite,  the  rock  would  pass  into  a  facies  esson 
tially  the  same  as  the  granulitic  granitic  gneiss  of  180  feet  to  --•' 
feet,  though,  as  will  be  shown  later,  quartz  is  much  more  coinraoi 
in  the  latter. 

From  551  feet  to  636  feet  there  are  frequent  variations  of  smal 
thickness,  the  chief  facies  being  the  chloritic  hornblendite,  an  actinoliti( 
amphibolite,  a  chloritic  schist,  and  the  tremolite  serpentinous  rock  ol 
466  feet. 

At  638  feet  occurs  a  granulitic  hornblende-felspar-quartz  rock  (horn 
blende-gneiss),  passing  into  a  facies  with  much  brown  biotitic  chlorite 
mixed  with  hornblende  and  chlorite  that  is  apparently  in  process  ol 
alteration  to  the  brown  mineral. 

Then  from  639  feet  to  741  feet  the  rock  varies  from  a  fine-graine«; 
amphibolite  to  an  actinolite-chlorite  rock,  or  hornblendite,  with  portions 
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rtsefflbling  both  gTanolitised  and  mosaie  platy  diorite.    An  analysis  of 

a  facies  at  658  feet  to  674  feet  [G.S.M.  1/39,  G.8.L.  6406D]  gave  the 
following  results: — 

SiOj  •••         ••-         •>•         •••  61*46 

£L  '2  wg  ••«            •••            ■••            *••  ±1.  *4o 

f  OjO J  •••            •••            •••            •••  I'oo 

K  &\J  ...            «•«            •••            •••  o'^X 

MnO  '80 

MgO  12*83 

l^&L^  ...             ...              ...              ...  lU'Ou 

^ tig^J  ■••             •••             •••             •••  X  4U 

xL^V/  •••            •••            •••            ...  *Oo 

MXi^J  ...                  •••                 •••                 ...  XJO 

Ju^O-'l'  •••                 •••                 •••                 •••  1*/1 

a  aV^4  ■•■                •••                 •••                 ••*  OO 

v-»'-'q  ••■         •••         •••         ...  £tyA 

M-^\J%  ...                    •••                    •••                    ..•  ^O 

»/  62)^  •.•            •••            •••            ...  A/o 

wTgvj  «.•                ■••                •••                ...  \iO 

'  S v/3  «.•            •••           •••           •••  aJ4 


Total ...         100*64 

Analyst — H.   Bowley. 

At  741  feet  there  is  a  change  from  a  granulitic  chloritic  amphibolite 
to  a  coarsely  granulitic  diorite  or  hornblende  gneiss,  but  the  two  f  aeies 
^fe  doubtless  genetically  connected. 

Prom  742  feet  to  780  feet  the  rock  is  mostly  of  amphibolitic  char- 
-«*^r,  though  a  break  occurs  at  770  feet,  which  consists  of  quartz-felspar 
[^k  with  numerous  brown  biotite  and  chlorite  scales,  flakes  of  greenish 
"^mblende  and  possible  fragments  of  original  augite. 
,  At  785  feet,  and  extending  to  789  feet,  the  rock  is  a  coarse-grained 
^^orite  or  amphibolite  with  pyrrhotite  and  brown-red  biotite  and  chlorite 
'^««.  In  places,  especially  at  789  feet,  the  faeies  is  more  or  less  dis- 
^^1  foliated.  '     "^         ' 

^  At  790  feet  the  rock  changes  to  a  fine-grained  amphibolite  or  hom- 
'p'\^  whiat,  then  at  792  feet  it  is  the  faeies  of  789  feet,  and  from  792 
^^t  to  794  feet  the  rock  is  a  fine-grained  amphibolite. 

h  will  thus  be  seen  that,  so  far  as  this  Bore  Core  is  concerned, 
te  chief  greenstone  faeies  present,  exclusive  of  the  biotitic  granitic 
2neis,  are:— 

(a.)  The  actinolitic-chloritic  homblendite  appearing  first  at 
427  feet. 

(b.)  The  tremolitic-chloritic  serpentinous  rock  appearing 
first  at  466  feet. 

(c.)  The  amphibolite  or  diorite,  more  or  less  foliated,  ap- 
pearing chiefly  towards  the  end  of  the  bore,  and  par- 
ticularly from  785  feet  onwards. 

(d.)  Granulitic-homblende-felspar-biotite  rock  at  364?  feet. 
These,  closely  resemble .  the  granulitic  portions  of 
rocks  such  as  [13990]  and  yV?  ^^om  the  Battler 
Lease. 

(c.)  The  Bore  Core  from  "Weston's  Reward  Mine: 


28^' 

The  results  of  examinations  of  the  portions  of  the  core  avail- 
able are  as  follows: — 

211  feet. — There  are  two  fades,  one  a  dark-green  homblendic  fades, 
and  the  other  a  pale  greenish  brown. 

The  former  is  fine-grained  platy  epidiorite,  the  latter  a  highly  bio- 
titio  and  micadsed  portion  of  it. 

277  feet. — ^A  finely  foliated  hornblende-felspar  rock  which  is  gneissic 
in  those  portions  where  quartz  is  developed. 

248  feet.— A  granulitic  prismatic  hornblende-felspar  rock.  Since 
quartz  is  apparently  absent,  the  rock  is  a  foliated  granulitic  prismatic 
amphibolite. 

312  feet. — ^Very  similar  to  the  facies  at  248  feet,  though  a  little 
quartz  is  occasionally  present. 

321  feet. — In  places,  the  rock  closely  resembles  the  facies  at  248  feet, 
but  generally  the  hornblende  has  disappeared,  and  there  is  a  fine  granular 
or  granulitic  mixture  of  plates  of  felspar  separated  by  small  brown-red 
flakes  of  biotitic  material. 

The  rock  is  in  places  a  fine  grained  granulitic  amphibolite  or  horn- 
blende gneiss,  but  generally  a  granulitic  bioti tic-hornblende  gneiss  in 
which  the  biotitic  flakes  are  present  almost  to  the  exclusion  of  the  horn- 
blende. 

360  feet. — A  foliated  banded  granulitic  amphibolite  or  gneiss  vnth- 
out  quartz. 

438  feet. — There  are  irregular  parallel  bands  or  strings  of  platy, 
granular  and  prismatic  green  hornblende  separated  frequently  by  large 
turbid  platy  and  columnar  crystals  of  felspar  and  quartz.  In  portions 
of  the  slide  the  hornblende  is  in  large  ragged  plates,  and  the  felspar  is 
in  flaky  and  columnar  forms  as  in  diorite,  while  ragged  quartz  plates 
occur  in  association  with  the  felspar.  The  rock  is  in  places  foliated,  in 
places  platy;  the  structure  at  times  granulitic,  but  generally  plutonic. 

The  rock  is,  therefore,  a  coarse  platy  quartz-diorite,  in  places  foliated 
and  granulitised  to  a  foliated  hornblende  schist,  amphibolite  or  gneiss. 

In  brief,  therefore,  the  core  shows  a  fairly  continuous  seriea 
All  the  core  samples  are  strongly  hornblendic  and  felspathic.  Some 
have  a  slight,  one  a  strong,  development  of  the  red-brown  biotitic 
flakes,  and  a  few  show  a  certain  amoimt  of  clear  quartz. 

All,  therefore,  are  hornblendie-felspatbic,  and  appear  to  have 
been  derived  from  a  rock  of  dioritic  affinities. 

(3.)  The  Specimens  from  the  Plat  in  the  Shaft  at  .^OOft,  Level 
Edna  May  Mine: 

These  rocks  were  collected  with  the  object  of  throwing  addi- 
tional light  on  the  nature  of  the  greenstone  country.  Owing  to  the 
circumstances  under  which  they  occurred,  it  was,  according  to  the 
information  supplied  by  Mr.  Blatchford,  impossible  to  make  out 
their  field  relations  to  one  another.  The  facies  present,  however, 
excluding  specimens  of  doubtful  origin,  are: — 

(a)  The  tremolitic  serpentinous  rock  such  as  occurs  at  466ft. 

in  Duff's  Bore. 

(b)  The  prismatic  hornblendite  with  biotitic  varieties  and  oc- 

casionally with  p\Trhotite. 

(c)  A  finely  foliated  chloritic  homblende-quartz-felspar  gneiss 

with  much  turbid  felspar. 


I 
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(d)  A  fades  similar  to  the  biotitic  granitic  gneiss  of  Duff's 

Bore. 

(e)  A  schistose  or  foliated  biotitic  epidiorite  or  amphibolite. 

(f)  The  cliloritic  actinolitie  hornblendite  very  similar  to   (b). 

3.   Nature  of  the  Country  Greenstone  Rocks  and  their 

Mutual  Relations. 

il.)  The  Nature  of  the  Rocks: 

It  will  be  leathered  from  the  foregoing  that  the  rocks  in  the 
\inmiy  of  the  lens  of  the  Main  Lode  are: — 

1.  The  foliated  hornblende  gneiss,  occurring  in  a  thin  lenticular 
t^and  or  mass  from  the  Junction  Lease  to  the  Western  boundary  of 
tlif  Elsie  Lease.  The  rock  is  in  places  quite  coarse-grained  and 
<lioritic  in  appearance^  in  places  quite  fine-grained.  While  in  some 
^)e*•imens  felspar  is  equally  developed  with  the  hornblende,  in 
^'ii'^rs,  hornblende  is  much  in  excess  of  the  felspar. 

2.  The  granulitic  hornblende  schist.  This  occurs  in  the  Elsie 
I-fase  in  shafts  south  of  the  point  at  which  the  hornblendic  gneiss 
'Jj-^appears  (see  Plan) ;  it  occurs  at  the  south-west  corner  of  G.M.L. 
-""•):  it  is  found  in  shafts  at  the  eastern  margin  of  the  Myrtle 
^^f^A^:  and  it  is  predominant  in  No.  2  and  No.  3  Bores,  Edna  May 
■Mine. 

Farther,  both  the  hornblendic  gneiss  and  the  granulitic  horn- 
•l^nrle  schist  occur  in  a  shaft  at  the  south-west  corner  of  G.M.L. 
-fi2.  though  specimens  of  the  former  are  much  decomposed. 

Finally,  a  foliated  fine-grained  hornblende-gneiss  or  granular 
"artz-amphibolite  and  a  fine-grained  prismatic  hornblende  schist 
■^'ir  in  the  Lloyd  George  Lease. 

3.  A  foliated  pyroxene-homblende-felspar  rock  occurring  at 
'  >  Townsite. 

4.  A  foliated  hornblende  schist  or  epidiorite  at  Boodalin  Soak. 
^"i*  is  virtually  identical  with  the  granulitic  hornblende  schist. 

■).  An  acicular  hornblende-schist  verging  on  a  granulitic  horn- 
•1-nde  gneiss,  and  a  fine-grained  foliated  prismatic  or  roddy  hom- 
*I*-nde  s<»hist  with  lenticles  of  pyroxene,  found  in  the  Battler  Lease. 

6.  A  foliated  amphibolite  or  diorite  occurring  near  the  bottom 
"t  DaflTs  Bore  at  about  785ft.,  and  a  coarse  platy  diorite  at  438ft. 
•2  the  bore  at  Weston's  Reward. 

7.  An  actinolitie  chloritic  hornblendite  occurring  at  the  plat  in 
'>  Edna  May  shaft,  300ft.  level,  and  at  a  depth  of  427  feet  in 
>:frs  Bore. 

8.  Finally,  a  treraolitic-serpentinous  rock  found  at  466  feet 
2r.'l  neater  depths  in  Duff's  Bore,  also  in  the  plat  in  the  Edna  May 
•'aft,  and,  judging  from  weathered  clayey  specimens,  in  shafts 
E€ar  the  western  margin  of  G.M.L.  2817. 
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These  facies  are  ultimately  reducible  to  two  groups: — 

(a)  The  foliated  felspar-hornblende  rocks: 

These  include  rocks  with  quartz  such  as  the  foliated  horn- 
blende gneisses  or  quartz-diorites,  and  those  without  quartz,  or 
with  it  in  only  small  amount,  such  as  the  granulitic  hornblende 
schists  and  foliated  epidiorite,  and  the  foliated  pjToxene  horn- 
blende schist. 

(b)  The  non-felspathic  homblendic  rocks: 

Included  amongst  these  are  the  actinolitic  chloritic  homblendite 
and  the  tremolitic-serpentinous  facies. 

(2.)   The  Mutual  Belations  of  the  Rocks: 

OAving  to  the  impracticability  of  observing  rock  junctions,  to 
the  paucity  and  scattered  nature  of  the  exposures,  nearly  all  of 
which  are  confined  to  shafts  or  to  the  mine  workings,  and  to  the 
absence,  indeed,  of  any  decisive  field  evidence,  the  mutual  relations 
of  the  rocks  are  very  difficult  to  make  out. 

The  chief  facies  are  undoubtedly  the  granulitic  hornblende 
schist  and  the  hornblende  gneiss,  and  of  these  the  former  certainly 
appears  to  have  the  wider  distribution,  and  is  probably  the  chief 
member  of  the  country.  In  this  connection,  the  inliers  of  green- 
stone at  Boodalin  Soak  must,  from  their  occurrence,  be  regarded 
as  representative  of  the  country,  and  these,  as  has  been  shown,  are 
foliated  hombllende  schists  or  epidiorites  closely  resembling  in 
structure  and  composition  the  hornblende  schists  from  No.  2  and 
No.  3  Bores,  and  the  otlier  exposures  of  this  rock  in  the  various 
shafts  and  on  the  dumps.  Moreover,  the  foliated  pyroxene-horn- 
blende-felspar rock  of  the  townsite,  though  apparently  different 
from  the  hombllende  schists,  has  been  shown  to  consist  of 
homblendic  portions  microscopically  very  similar  to  the  latter;  and 
since  it  is  plain  in  the  slides  that  the  homblendic  portions  have  been 
derived  from  the  pyroxenic,  there  is  little  doubt  that  the  hornblende 
schists  have  been  derived  ultimatelv  from  a  rock  verv  similar  to 
this  from  the  townsite,  and  that  this  pyroxene  rock  must  be  in- 
cluded, from  the  point  of  view  of  origin  and  affinities,  with  the  horn- 
blende schists. 

The  relationship  of  the  hornblende  gneiss,  however,  to  these 
hornblende  schists  is  by  no  means  clear.  It  apparentlv  occurs 
mostly  as  a  band  or  strip  more  or  less  surrounded  by  the  horn- 
blende schists,  and  since  some  varieties  of  it  differ  from  the  latter 
only  in  the  presence  of  a  little  quartz,  while  exhibiting  the  same 
appearance  and  structure,  it  miijht  be  regarded  as  a  derivative  of 
a  more  quartzose  modification  of  the  original  of  the  schists.  On 
the  other  hand,  from  the  characters  of  [13996],  and  of  the  bore  core 
from  about  7S5ft.  in  Duff's  Bore,  it  certainly  appears  to  have  been 
formerly  a  quartz-diorite,  and,  as  such,  may  have  been  a  more  acid 
dioritic  intrusion  into  the  original  pyroxene-felspar  rock  that  sub- 
sequently gave  rise  to  the  hornblende  schists.     Though  both  the 
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Lomblende  gneiss  and  the  hornblende  schist  occur  in  a  shaft  at  the 
soath-west  corner  of  G.M.L.  2762,  and  also  in  the  Lloyd  George 
Lease,  no  evidence  is  obtainable  of  their  mutual  relation,  and  the 
evidence  afforded  by  the  bore  cores  is  inconclusive.  For  the  pre- 
set, therefore,  their  relation  must  remain  doubtful. 

In  the  case  of  the  actinolitic  hornblendite  and  the  tremolitic- 
>frpentinous  facies,  there  is  even  less  evidence  of  the  relation  of 
••ne  to  the  other,  or  of  either  to  the  surrounding  rocks.  All  that  is 
tnown  of  the  hornblendite  is  that  it  occurs  in  two  places:  (a)  in 
DufTs  Bore  at  427ft.,  at  which  point  there  is  a  clean  break  between 
:t  and  the  granitic  gneiss  that  extends  off  and  on  from  180ft.  At 
aUjut  4G6ft.  it  passes  into  the  tremolite-serpentine  rock,  (b)  In 
the  plat  in  the  shaft  at  the  300ft.  level,  Edna  May  mine.  In  this 
lt»fality  it  occurs  a?ain  in  association  with  the  tremolitic-serpen- 
iinous  ro<'k,  but  again  the  relations  of  the  two  rocks  to  each  other 
find  to  the  granitic  gneiss  are  obscure.  Whether  they  are  ultra- 
hasie  dykes  and  only  magmatic  modifications  one  of  the  other, 
nbether  they  are  separate  dykes  of  different  age,  or  whether  the 
hornblendite  at  least  is  a  basic  modification  of  the  hornblende 
Sf'hists,  these  questions,  owing  to  the  lack  of  exposures  and  of 
«r\idenee  generally,  cannot  for  the  present  but  remain  unsettled.* 

L    The  Grey  Biotite-Gneiss  of  the  Lens  of  the  Main  Lode. 

This  ro<'k,  containing  as  it  does  the  chief  quartz  lodes  of  the 
Kiina  May  Group  of  Leases,  is  the  most  important  as  well  as  the 
•i.<«t  interesting  in  the  Westonia  Field.  It  is  to  be  best  investigated 
ir.  Duff's  Bore  core,  where  it  persists  with  only  small  breaks  from 
a  vertieaJ  depth  of  180  feet  to  a  depth  of  over  400  feet.  Between 
*'»esc  levels  there  are,  of  course,  many  variations,  but  it  has  been 
-oand  that  the  chief  characters  of  the  rock  are  those  represented 
by  the  specimens  from  LSOft.,  211ft.,  223ft.,  230ft.,  and  245ft. 

In  band-specimen  characters  the  rock  is  greyish  or  black-and- 
'^I'ite  in  colour,  fine  to  medium  grained,  and  generally  with  a  no- 
ti'eable  foliation  marked  bv  streaks  of  bands  of  black  mica.  In 
**>me  cases  thin  quartz  veinlets  are  present  running  parallel  to  the 
T'<»Iiation  planes,  and,  less  commonly,  there  are  water-clear  quartz 
!  lates.  In  some  varieties,  particularly  at  217  feet,  the  rock  is 
strongly  foliated,  with  pronounced  quartz  veins  separated  by 
'.  lartzo-felspathic  material  with  associated  biotite  scales  and 
1  aralld  to  the  foliation  planes.  On  the  latter,  biotite  scales  are 
^frry  common,  flat  parallel  to  the  banding,  and  often  as5ociated 
^ith  a  considerable  development  of  pyrites.  At  times,  allowing  for 
^He  difference  in  tint  produced  in  rocks  by  hornblende  on  the  one 
••and  and  biotite  on  the  other,  the  specimens  of  this  gneiss  on  the 

*  Sio^  thin  «»A  written,  the  writer  has  obtained  sections  which  afford  evidence  that 
^  bOTsblendfc  dykes  and  the  tremoUtic-eerpentinous  roclc  are  merely  variations  of 
OB*  taotber  or  of  the  same  roclc  maes. 


cross  fracture  sliow  considerable  resemblance  in  external  charBete>*s 
to  the  more  felspaliiic  of  tlie  fine-grained  homblenile-gDeiss. 

The  microscopic  cbaracters  of  the  rock  may  be  gathered  fr-oxn 
the  following  descriptions  of  the  typical  samples: — 

180  feet. — There  is  a  mass  of  small  variously  shaped  plates  of 
slightly  kaoliniBci],  in  places  slightly  micacised  felspar,  with  associated 
small  quartz  plates  fewer  in  number  than  the  felspar,  encloaing  lar^e 
lenticular  as  well  as  ragged  rounded  plates  of  quartz.  The  lenticles  are 
often  so  dran-n  out  as  to  appear  as  strings,  and  occur  overlapping;  one 
another  or  en  I'chelou,  Further,  distributed  through  the  slide  are  in- 
dividual flakes  ard  strings  of  flakes  of  brown-red  biotite,  all  arranged 
parallel  to  tlie  foliation  and  sometimes  forming  indistinct  bands.  The 
foliation  is  clearly  seen,  being  marked  by  the  long  thin  lenticles,  the 
tendency  to  parallel  arrangemcot  and  drawing  out  of  the  smaller  fel- 
spar and  quartz  plates,  and  by  the  arrangement  of  the  biotite  flakea. 
The  quartz  forms  sometimes  show  irregular  extinction.  Amongat  the 
felspathic  ]daty  mass  are  also  some  green  scales  of  chlorite.     (Fig.  70.) 

Fig.   70. 


211  fect.^Tlie  core  here  is  rather  similar  in  section  to  that  ^t 
ISO  fci't,  but  the  foliation  is  even  more  pronounced.  There  are  sliglitl^ 
k.iolioired  platy  tcln[.of)ii.'  bamis  u.siinlly  with  nssociated  small  grains 
of  ch'ar  quartz,  ii'pri'sciilcd  by  eloiignted  plates  of  quartz,  and  soin©- 
time^^  by  quartz  veirilets  whi,.]i  travcrsi'  the  whole  length  of  the  Rliile. 
The  frlH|iar  is  frec|uently  in  rnggod  plates,  most  of  which  are  elon- 
gated i>aral1el  to  tbe  foliation.     In  consequence,  certain  portions  of   ihe 
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^ijdeii  have  a  fine  granalar  strueture,  others  a  coarse  elon'gated  platj 
«tnietare.  Biotite  again  occurs  in  loose  strings  of  long  flakes  of  vary- 
ing size,  all  elongated  parallel  to  the  foliation  direction.  Occasional 
zrains  of  sphene,  epidote  and  calclte,  and  small  scales  of  muscovite  in 
tbe  felspar  injiy  be  noticed,  and  small  scales  of  green  chlorite  are  in 
:i«o<^iation-  with  the  biotite.  The  quartz  plates  often  show  cracks  and 
II. even  extinction. 

The  amount  of  biotite  present  is  small,  and  the  highly  felspathic 
and  qaart7ose  character  of  the  rock  as  well  as  the  structure  resemble 
tho^  of  foliated  biotite  granites.  As  in  180  feet,  the  absence  of  suit- 
able sections  renders  the  determination  of  the  species  of  felspar  pre- 
sent very  difficult.  -  There  are  occasional  broadly  lamellated  plates,  but 
::<*uerally  twinning  is  absent.  Observations  by  Becke's  method  indicate 
:bat  most  of  the  felspar  has  a  refractive  index  lower  than  that  of  quartz 
an>i«  consequently,  that  the  felspar  is  largely  between  albite  and  ande- 
^i!i*».     Doubtless  more  than  one  species  is  present. 

223  feet. — In  sections  from  this  depth  there  is  a  greater  develop- 
IT-*  nt  of  biotitic  scales  and  of  green  chlorite  scales,  while  there  are 
jTiioobte*!  Fmall  fragments  of  green  hornblende  in  process  of  altera- 
tn»n  to  chlorite  and  to  the  brown  biotitic  mineral.  Associated  with  the 
^loritie,  biotitic  and  hornblendic  flakes  are  frequently  grains  of  sphene. 
Tlie  gtmcture  of  the  rock  is  rather  finer-grained  than^  in  the  other  varie- 
xiie'i.  large  portions  consisting  of  a  granular  mixture  of  quartz  and 
kaoiinis^ed  felspar  plates,  some  rounded,  some  rectangular  or  polygonal 
a!i«l  n^ost  of  them  elongated  parallel  to  the  foliation.  In  the  granular 
Hia^  04^-ur  large  lenticular  plates  of  quartz  similarly  elongated  parallel 
ti>  the  foliation,  and  rarer  large  irregular  plates  of  kaolinised  felspar. 
Id  almost  all  cases,  the  quartz  lenticles  are  surrounded  by  the  granu- 
lar quartz  and  felspar  mass,  a  fact  which  shows;  in  the  absence  of 
rneks,  that  much  of  the  quartz,  at  any  rate,  is  probably  primary,  i.e., 
that  it  solidified  with  the  other  original  minerals  of  the  rock,  and  is  not 
dne  to  subsequent  introduction  of  silica  *  along  the  lines  of  foliation 
or  along  cracks.  The  fact  that,  while  in  many  eases  the  coloured 
fr.ineral  in  contact  with  the  quartz  plates  is  biotite,  there  are  not  un- 
'^jfnraon  instances  in  which  it  is  green  hornblende,  further  supports 
this  eonclosion.  The  hornblende  grains  and  plates  are,  like  the  biotite 
^kes,  in  imperfect  strings.      (Fig.  71.) 

230   feet.— The  facies  here  is  highly   felspathic,   with   pronounced 

quartz  veins,  and  with  quartz  grains  associated  with  the  felspar  plates. 

A    little  vermicular  intergrowth   was   observed.      Sphene  granules  were 

luite    common,   usually   associated   with   the   biotite   or   green    chlorite 

fiake««. 

245  feet. — The  remarkable  feature  of  the  slides  from  this  depth  is 
that,  whUe  the  quartz- felspar  mass  has  in  general  the  same  characters 
a*  in   the  previously  described   sections,  green  hornblende  is  the  chief 
ferro-magnesian  constituent.      There  is  a  comparatively  large  develop- 
ment of  it  in  plates  and  grains  arranged  in  indistinct  bands  or  strings 
«rith  associated  sphene  granules.    The  quartz  plates  are  generally  ragged 
Imt  elongated  parallel  to  the  foliation,  and  the  felspars  are  similarly 
arraaged.     In  portions  of  the  slide,  brown-red  biotite  scales  are  asso- 
''iated  with  the  hornblende,  and  there  may  be  seen  alteration   of  the 
green  hornblende  to  green  chlorite,  and  from  the  green  chlorite  a  gradual 
pdffiage  into  the  brown-red  mineral.     In  other   portions  of   the   slide, 
the  brown-red  biotite  with  or  without  green  or  green-and-brown  chlorite 
oefur  to  the  exclusion  of  the  hornblende,  and  the  rock  then  takes  on 
^  appearance  as  well  as  the  structure  of  the  180  feet  variety.     (Fig. 
72.) 

There  is   undoubtedly  a  resemblance  between  the  hornblendic 
portions  of  the  slide  and  the  sections  of  [13996]  from  the  hornblendic 


gDeiss.  In  tbe  latter,  however,  Ibe  qnartz  b  quite  subeidiary  to  tb 
felspar,  and  the  latter  is  much  kaolinised.  In  the  sections  of  24 
feet,  the  felspar  plates  are  often  in  polygonal  or  rectangular  forn 
just  as  those  minerals  are  in  tbe  finer  varieties  of  tbe  bomblendi 
gneiss,  and  spbene  grains  are  equally  common  in  both  facies.  Tli 
major  differences  between  245  feet  and  [13996]  are  the  finer  grai 
of  the  former,  the  larger  amount  of  quartz  in  215  feet,  the  kaolinise 
tion  of  the  felspar  in  [13996],  and  the  more  fibrous  structure  an 
more  decided  banding  of  the  hornblende  in  [13996]. 

Fig.  71. 


Photo:    R,   A.    Parquharson. 


It  is  clear,  therefore,  that  at  certain  points,  as  at  ISO  feet,  thf 
rock  has  cimracters  which  ally  it  with  foliated  biolite  granites  oi 
rather  witli  foliated  biolile  gneisses,  while  at  others,  Biicli  as  223  feet 
and  24ii  feet,  the  biotite  is  associated  with  green  chlorite  and  witli 
^^(^en  liornblende.  Both  at  223  feet  and  at  245  feet  there  is  a 
noticeable  passafre  of  tlie  green  chlorite  into  brown-red  biotite,  an'! 
of  the  green  hornblende  into  green  chlorite.  Particularly  at  243 
feet  green  hornblende  is  in  places  present  to  the  exclusion  of  the 
biotite ;  in  other  places  green  chlorito  is  to  be  seen  passing  into 
brown  biolite;  and  in  others  green  chlorite  is  almost  absent,  brown 
biotite  alone  is  present  (with  a  few  scales  of  green  chlorite),  and  the 
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Inderal,  aaaoeUted  as  it  is  with  felspar  aod  quartz,  gives  an  appear- 
ui»  to  the  slide  in  composition  and  structure  dosely  similar  to 
;iflse  of  the  180  feet  variety.  Moreover,  In  the  biotitic  variety  of 
"^'  feet,  again  in  the  eliloritie  homblendic  variety  at  223  feel,  and 


Pig.   72. 


■3  ;lie  lery  hornblendic  variety  at  245  feet,  granular  spliene  constantly 
"ufs,  and  it  is  always  in  association  with  the  chlorite,  the  biotite 
''Ibe  hornblende,  or  with  all  of  them.  Further,  the  structure  and 
''■mi-oeition  of  the  245  feet  variety  closely  resemblea  those  of 
.IJ996]  execpl  that  in  the  latter  quartz  is  less  prominent  and  felspar 
iwiominant,  the  felspar  is  highly  altered   (kaolinised  chiefly),  and 

if  hornblende  is  in  places  more  or  less  flbrous.  The  structure  or 
siuial  relations,  too,  of  tlie  hornblende,  ijuai-tz  and  felspar  al  24.» 

■'I  ire  very  similar  to  those  of  the  same  minerals  in  homblende- 
^«ses.  and  particularly  in  some  of  the  finer-grained  varielies  of 

^  hornblende   gneiss    of    the   area.     There   ia   the    polygonal    or 

•omieii  rectangular  structure  of  the  felspar,  the  indistinct  handed 
■""WEwnent  of  the  hornblende,  the  lenticular  form  of  much  of  the 

"■-fT  iinartz  plates,  and  the  rectangular  or  linear  forma  of  the 
^ller  quartz  plates.  Sphene  ia  abo  common  both  to  the  24o 
•'^  variety  and  to  the  homblendic  gneiss. 

^0  the  other  band,  the  amount  of  quarts  in  the  biotitic  gneiss 

-  fKater  than  that  in  the  homblendic  gneiss,  and  the  large  amount 


of  quarte  in  the  former  gives  it  a  granitic  character.  It  is  pie 
however,  that  much  of  the  quartz  occurs  aa  thin  veinlets  parallel 
the  foliation,  and  the  sug'gestion  arises  that  part  of  the  quartz  I 
been  intruded  from  the  quartz  lodee  along  the  line  of  foliation 
the  gBeiss  by  a  sort  of  lit  par  lit  injection,  Nevertheless,  there  i 
be  no  doubt  that  the  quartz  occurring  in  plates  in  intimate  assoc 
(ion  with  the  kaolinised  felspar  is  original  or  primary. 

The  gneiss,  therefore,  is  on  the  one  hand,  as  at  180ft.,  a  folia 
quartz'fekpar  hiot'tte  gneisa,  with  resemblance  to  a  granitic  gnei 
on  the  other,  as  at  22;ift,  and  particularly  at  245ft.,  a  homblm 
quartz-fchpar-biotite  gneiss. 


Origin  of  the  Sock. 

i'roai  the  occurrence  of  the  gneiss  as  shown  on  the  plan,  PI 
IX.,  it  appears  to  be  an  intrusive  dyke  of  lens  shape.  Certait 
according  to  the  field  evidence,  there  is  a  clear  break  between  it  i 
the  hornblendite  at  42Cft.,  so  that  wliere  its  junction  with  the  ci> 
try  is  obsen-able,  it  appears  to  be  well  marked  off  by  definite  wn 

On  tlie  other  hand,  it  iiinst  be  carefully  noted  that  the  only  cl 
Junction  observable  is  that  with  the  hornblendite,  which  is  iU 
probably  intrusive.  In  no  ease  could  a  definite  junction  be  ohser 
Midi  the  hornblende-^eiss  or  with  the  foliated  hornblende  schi: 
Moreover,  much  attention  must  be  paid  to  the  resemblances  betwi 
(he  homblendii;  varieties  of  the  rock,  e.g.,  at  223ft.  and  245ft.,  and 
finer-prained  varieties  of  the  hornblende  inieiss  and  [13996].  In  t 
connection,  the  difference  in  the  amount  of  quartz  in  the  two  fai 
is  a  difticiJty,  and  thouirh  this  may,  to  some  extent,  be  accounted 
by  injection  of  quartz  from  tiie  quarts  lodes  along  the  planes 
foliation,  it  appears  that  the  rock  was  primarily  more  acid  than 
hornblendic  gneiss.  The  245ft.  variety  has  atftnities,  both  in  C( 
position  and  structure,  with  a  foliated  hornblende  granite,  am) 
was  for  a  time  considered  that  the  lens  of  the  Main  Lode  might 
an  altered  form  of  a  hornblende -granite  intrusion.  The  faet,  li< 
ever,  that  no  hornblende- granite  at  all  eomparable  to  this  n 
occurs  anywhere  exee|>t  at  great  distances  from  the  Edna  W 
group  of  leases  rather  discounts  this  view.  Further,  at  the  boll 
of  the  Recovery  Shaft  two  specimens  were  obtained,  one, 
medium-grained  hornblendic  gneiss,  and  the  other  from  the  imi 
diate  vicinity  of  a  quartz  vein,  a  tine-grained  finely -foliated  bid 
gneiss  [I'li],  which  lias  already  been  described.  The  only  feasi 
e.vplanation  of  the  occurrence  of  this  biotite  gneiss  [-fs]  appears 
be  dial  it  is  a  facies  of  the  finer-grained  hornblende  gneiss  them 
dynamically  altered  by  the  introduction  and  contact  action  of  i 
auriferous  quartz  reef-  This  biolite  gneiss  shows  close  similar 
with  the  Edna  May  gneiss. 
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An  analysis  of  the  rock  from  223  feet  in  DufTs  Bore^  made  in 
the  Geological  Sur\'ey  Laboratory,  gave  the  following  results: — 
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I. 

II. 

III. 

IV. 

V. 

VI. 

SiO, 

68-61 

69-22 

6745 

63-62 

74-98 

7583 

Al^,       ... 

14-24 

14-29 

15-51 

14-38 

12-86 

14-11 

FegO,      ... 

•71 

212 

1-76 

3-29 

•16 

•49 

FeO 

223 

2-33 

2-21 

3-47 

1-59 

•12 

MnO       ... 

•10 

■  ■  • 

■  •  • 

•28 

-11 

•  •  • 

MgO       ... 

1-41 

1-27 

110 

3-13 

-69 

•26 

CaO 

3-20 

316 

360 

5-43 

1-55 

•56 

KpO 

3-04 

S'62 

3-66 

1-20 

8-34 

6-82 

ViL,0      ... 

3-70 

829 

347 

4-40 

3-80 

312 

H,0-      ... 

-06 

•  •  ■ 

•14 

-22 

-10 

-13 

H,0+     ... 

•30 

•69 

•63 

•06 

•48 

-41 

TiOj       ... 

•60 

•36 

-58 

•72 

-21 

•08 

CO, 

•37 

•  •  • 

■  •  • 

•  •  ■ 

•06 

•  •  ■ 

PjO, 

■19 

•  •• 

•12 

•  •  • 

•06 

•20 

PeSj 

•11 

•  •  • 

•  •  • 

•  ■  • 

•09 

■  •  • 

Fe^s       ... 

1-24 

•  ■  • 

•  •  • 

■  •  • 

•  ■  * 

•  •  • 

Total  ... 

lOO-Ol* 

100^3o 

100-23 

100-201 

99-96» 

100-61 1 

*  Analjct  H.  Bowley.        t  Analyst  B.  8.  Simpflon.        %  Analyst  A.  J.  Robertson-. 

I.  Rock  at  223  feet.     Duff's  Bore. 
II.  Tonalite.     Lana  bei  Meran,  cited  by  Rosenbusch:     Elem.  der 

(jresteinslehre  1910,  p.  166. 
ni.  Graaodiorite :     Silver  Lake  Hotel,   Eldorado   Co.,   California, 
cited  by  Osann:    Beitrage  zur  Chem.  Petrog.  1905,  p.  50. 
rV.  Granodiorite :     Agamemnon  G.M.,  Cue,  Bull.   14,  G.S.W.A. 
V.  (iranite   from   Cosmopolitan    Mine,   Kookynie,  W.A. 
VI.  Southern  Cross  Granite:   Bull.  G.S.W.A.  No.  49,  p.  57. 
II.,  III.,  IV.,  v.,  and  VI.  are  analyses  of  various  roeks  of  gran- 
itie  or  quartz-dioritic  character  cited  for  comparison. 

The  rock  at  223  feet  waa  chosen  for  analysis,  partly  because  it 
is  intermediate  in  mineral  composition  between  the  highly  biotitic 
faciea  at  180  feet  and  the  predominantly  homblendic  facies  at  245 
feet,  and  partly  because  of  the  comparative  absence  from  it  of 
quartz  veinlets.     The  mode  of  the  rock  proves  to  be: — 

Quartz,  biotite,  albite,  orthoclase,  quartz,  hornblende,  calcitc, 
kaolin,  chlorite,  sphene,  epidote,  plagioclase. 

Attempts  have  been  made  to  calculate  the  actual  percentaije 
mineral  composition,  but  these,  on  account  of  the  presence  of  bio- 
tite, chlorite,  and  hornblende,  the  relation  between  the  chlorite  and 
the  biotite,  and  the  doubt  as  to  the  actual  chemical  composition  of 
the  hiotite,  chlorite,  and  hornblende,  are  unsatisfactory.  Moreover, 
the  results  in  any  case  are  of  little  value  so  far  as  the  oripn  of  the 
rock  is  concerned,  since  both  the  mineral  and  chemical  composition 
vary  from  point  to  point  from  180  feet  to  370  feet,  and  tlie  analysis, 
except  as  regards  the  relative  proportion  of  the  alkalies  and  pos.sibly 
the  percentage  of  alumina,  can  scarcely  be  regarded  as  an  accurate 
basis  for  the  reeonstitution  of  the  mineral  composition  of  the  rock. 
Se\'cral  analyses  are  really  required  from  different  portions  of  the 
biotitic  gneiss,  or  perhaps  even  better,  numerous  sections  and  calcu- 
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lations  of  the  composition  by  the  Rosiwal  method,  but  exigencies  of 
time,  labour^  and  apparatus  preclude  the  preparation  of  these. 

Nevertheless,  considerable  information  r^ay  be  gathered  from 
the  comparison  of  the  analyses  cited.  In  the  first  place,  it  is  evident 
that  the  rock  at  223  feet  is  more  basic  in  composition  than  either  the 
Jijiotite-microcline  granite  at  the  Cosmopolitan  Mine,  or  the  biotite 
granite  at  Southern  Cross.  Both  of  the  latter  are  true  granites,  and 
njeither  contains  in  any  portion  of  its  mass  any  hornblende.  Conse- 
quently, as  both  are  unsheaxed,  it  is  unlikely  that  the  biotite-gneiss 
of  the  Edna  May  is  a  sheared  or  foliated  derivative  of  either  of 
these. 

Again,  there  are  differences  between  the  rock  at  223  feet  and 
that  from  the  Agamemnon  Mine  at  Cue.  The  latter,  with  63.6  per 
cent,  of  silica,  1.2  per  cent,  of  potash,  and  4.4  per  cent,  of  soda, 
is  a  basic  granodiorite,  i.e.,  a  type  of  quartz-diorite  with  subordinate 
potash-felspar,  regarded  by  Lindgren  as  intermediate  between  a  true 
quartz-diorite  and  a  quartz-monzonite.  The  223  feet  type  differs 
from  it  in  the  amount  of  silica,  and  especially  in  the  relative  pro- 
portions of  the  alkalies  in  the  two  rocks,  and  the  differences  are  at 
first  sight  sufficient  to  indicate  a  fundamental  dissimilarity  between 
the  223  feet  type  and  the  granodiorite  type.  If,  however,  as  appears 
probable,  some  of  the  quartz  in  the  223  feet  type  has  been  intro- 
duced as  quartz  veinlets,  the  normal  rock,  being  necessarily  less  acid, 
would  not  differ  decisivelv  in  silica  content  from  the  Cue  rock. 
Moreover^  not  all  granodiorites  show  the  relative  amount  of  the 
alkalies  })resent  in  the  Cue  rock.  The  granodiorite  from  Silver 
Lake  Hotel,  California,  exhibits  alkali  percentages  very  closely 
agreeing  with  those  of  the  223  feet  type,  and  there  is  indeed  a  close 
correspondence  between  the  analyses  of  the  two  rocks.  Consequently, 
while  the  223  feet  type  shows  important  differences  from  the  Cue 
rock,  the  relation  between  it  and  granodiorites  from  typical  locali- 
ties is  a  close  one. 

Finally,  a  comparison  of  the  analyses  of  the  223  feet  type  and 
the  tonal ite  cited  by  Rosenbusch  shows  a  surprisingly  close  corres- 
})ondence  between  them,  a  correspondence  which  almost  amounts  to 
an  identity.  The  tonalite  of  vom  Rath  is  an  acid  quartz-mica 
diorite,  classed  by  some  petrologists  with  the  hornblende-granites, 
but  is  characterised  by  a  certain  amount  of  andesine  felspar.  Struc- 
turally, the  223  feet  type  differs  from  the  dioritic,  and,  though  ande- 
sine may  he  present  in  it,  none  was  determinable.  In  any  case,  how- 
ever, the  223  feet  type  appears  from  the  analysis  to  be  a  granulitic 
rock  with  a  chemical  composition  not  markedly  dissimilar  from  an 
acid  quartz-mica-diorite  of  the  tonalite  type. 

On  the  evidence  at  present  available,  therefore,  the  gneiss  is 
either  (a.)  a  more  acid  quartz-diorite  band  or  lens  that  is  a  differ- 
entiation of  the  original  of  the  finer-grained  bomblende-gneiss ;  or 
(b.)  a  more  acid  quartz-diorite  or  grftngdio/ite  intrusion  that  has 
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been  subsequently  foliated  and  intruded  by  the  auriferous  quartss 
veins,  and  in  which  the  original  hornblende  has  been  largely  changed 
to  biotite  by  dynamic  stress  and  heat.  From  the  close  resemblance 
(in  the  analyses)  of  the  223  feet  type  to  typical  granodiorites,  and 
the  acknowledged  close  affinities  of  quartz-diorites  of  the  tonalile 
type  to  granites,  the  rock  is  probably  best  recognised  shortly  te 
originally  a  granodiorite.  As  no  clear  junctions  can  be  found  shou^ 
ing  the  relation  of  the  gneiss  to  the  hornblende  gneiss  or  to  th'e 
granalitie  hornblende  schist,  it  is  not  at  present  possible  to  come  to 
any  definite  conclusion,  though  it  is  most  probably  an  intrusion. 


5. — The  Quaetz  Specimens. 

Several  specimens  of  the  ore-bearing  quartz  from  the  gneissic 
granite  lens  of  the  Edna  May,  Edna  May  Deeps,  and  Edna  May 
Central  Mines  were  collected  with  a  view  to  the  microscopic  deter- 
mination of  the  origin  of  the  quartz.  The  results  of  the  examina- 
tion of  several  slides  are  as  follows  :— 

[*JiyA].       From  150ft.  Level,  Edna  May. 

The  specimen  consists  of  sugary  white  quartz,  much  cracked. 

In  sections,  there  are  large  interlocking  plates  of  quart 7,  some  with 
uneven  extinction  and  cracks,  and  all  characterised  by  rows  or  thin 
lines  of  fluid  pores  often  in  aggregations.  Felspar  was  not  seen  in  the 
slides,  but  a  small  patch  of  a  micaceous  aggregate  may  represent:  it. 

i^hl  From  back  of  No.  1  Stope,  225ft.  Level,  Edna  May 
Mine. 

The  specimen  consists  largely  of  quartz  similar  in  appearance  to 
the  above,  apparently  somewhat  sheared,  with  grains  of  pyrites  and 
occasional  flakes  of  biotitic  chloritic  character. 

In  section  there  are  aj2[ain  large  interlocking  plates  of  quartz, 
''racked,  and  with  rows  or  lines  of  fluid  pores  often  in  allegations. 
As<H)ciated  with  the  quartz,  however,  are  large  more  or  loss  euhedral 
♦rygtals  of  felspar  apparently  of  two  species,  microcline  and  another 
arid  plagioclase  with  albite  twinning.  Both  species  are  considerably 
kaolinised,  bnt  the  latter  more  so  than  the  former.  In  some  cases,  the 
felypar  plates  occur  at  the  junction  of  several  quartz  plates,  in  others 
they  form  a  small  veinlet;  in  others  again,  isolated  plates  occur  sur- 
rounded by  quartz.  The  microcline  plates  are  generally  irregular  in 
outline,  but  the  other  plagioclaFe  has  generally  at  least  one  crystallo- 
graphie  boundary,  and  apparently  crystallised  before  the  microcline.  In 
one  instance  at  least,  a  small  crystal  of  felspar  without  twinning  was 
obwrved  enclosed  in  a  quartz  plate.    In  places  the  felspars  are  micacised. 

The  quartz,  therefore,  associated  as  it  is  wuth  felspar  which  occurs 
not  undeniably  in  veins,  is  of  granitic  origin,  and  must  be  regarded  as 
an  acid  portion  of  a  pegmatitic  facies,  i.e.,  of  a  quartz-felspar  pegma- 
tite in  which  the  felspar  is  poorly  developed. 

[7^^ a].     From  480  feet  Level,  Edna  May  Deeps. 

This  is  of  darker  colour,  apparently  sheared  or  shivered,  and  with 
obflcure  bands  in  which  a  pale  greenish -white  felspar  is  prominently 
associated  with  the  quartz,  forming  a  pegmatitic  variety.  Away  from 
thcM  bands  felspar  appears  to  fail,  but  through  the  quartz  mass  thin 
Teinlets  of  the  felspar  are  seen  to  pass,  ai^d  the  intervening  quartz 
appears  devoid  of  felspar. 
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In  section  the  quartz  has  the  same  character  as  in  the  other 
epecimens.  There  are  kaolinised  felspar  plates  as  before,  but  not  only 
are  there  felspar  inclusions  in  the  quartz,  but  in  some  cases  quartz 
inclusions  in  the  felspar,  facts  which  indicate  a  contemporaneous  solidi- 
fication of  the  quartz  and  felspar.  The  felspathie  portions  of  th^  slides 
are  of  granitic  character.  Uneven  extinction  is  common  in  the  quartz 
and  occasional  in  the  felspar. 

From  the  presence  of  the  veinlets  or  bands  of  felspar  in  the  speci- 
men, two  possibilities  arise:  (1)  that  these  veinlets  are  felspathie  segre- 
gation \einlets  in  a  pegmatite;  or  (2)  that  they  have  been  introduced 
subsequent  to  the  formation  of  the  quartz  and  along  cracks  in  it.  The 
occurrence  of  the  reciprocal  inclusions  and  the  granitic  character  or 
structure  of  the  rock,  point  to  the  former  being  the  true  explanation 
of  their  origin. 

Another  specimen  of  [yfj],  shows  not  only  the  former  characters 
in  the  quartz,  but  also  very  small  but  undeniable  crystals  of  kaolinised 
felspar  enclosed  in  the  quartz. 

Slides  of  Fome  of  the  specimens  show  very  large  plates  of  quartz 
and  finely  lamellated  felspar  with  distinct  cases  of  kaolinised  felspar 
enclosed  in  quartz,  and  of  quartz  enclosed  in  felspar.  Some  portions  of 
these  slides  are  finer  in  grain  than  the  remainder  and  show  associated 
biotite  scales,  one  of  which  exhibit  a  distinct  corjrugation. 

[^1-^a].  From  back  of  No.  1  Stope,  225ft.  Level,  Edna  May 
Mine. 

These  are  two  specimens  very  similar. 

One  consists  of  water-clear  quartz  with  a  well-marked  vein  com- 
])osed  of  pale-greenish  felspar  and  quartz  and  yellowish  felspar  occur- 
ring generally  in  the  margin  of  the  veinlet.  This  yellow  felspar  is 
largely  a  kaolinised  variety  of  the  pale-green.  There  is  a  branch  vein- 
let.  It  is  noteworthy  that  while  on  one  side  of  the  specimen,  the  vein- 
lets  are  clearly  defined,  on  the  other  they  broaden  out,  more  of  quartz 
is  proFcnt  and  the  specimen  takes  on  a  quartz-felspar  pegmatitic  ap- 
pearance. Moreover,  in  places  small  patches  of  the  pale-green  felspar 
occur  scattered  amongst  the  water-clear  quartz  giving  an  even  more 
nearly  normal  pegmatitic  appearance  to  the  rock. 

In  the  other  specimen  the  veinlets  are  not  defined,  the  felspar 
being  scattered  through  it  in  small  patches  both  pale-green  and  yellowish 
in  colour. 

In  section  the  veinlets  consist  of  large  plates  of  quartz  with  long 
strips  of  felspar  that  is  an  intergrowth  of  microcline  and  albite,  gener- 
ally highly  kaolinised.  Some  of  the  strips  are  very  njarrow  and  resemble 
veinlets  of  felspar  introduced  along  cracks.  Undeniably,  however,  in 
places  occur  small  areas  of  quartz  surrounded  by  felspar  and  vice  versa, 
and  though,  in  some  cases,  the  felspar  appears  to  be  connected  up 
with  a  larger  mass  along  cracks  in  the  quartz,  in  others,  the  plates 
are  isolated. 

Another  section  is  a  very  coarse  platy  mass  of  quartz  and 
felspar   (microcline-albite,  extremely  kaolinised). 

The  question  arises  as  to  whether  the  quartz-felspar  veinlets  are 
merely  sepijrations  or  dilTerentiation  veinlets,  or  whether  they  are 
later  \einlets  introduced  alon^  cracks.  Consideration  of  the  quartz 
of  the  veinlels  shows  it  to  be  identical  with  the  surrounding  quartz. 
Moreover,  the  mutual  relations  of  the  quartz  and  felspar,  as  illus- 
trated by  the  inclusions,  point  to  contemporaneous  solidification. 
Further,  the  microcline  of  the  veinlets  occurs  disseminated  through 
the  bulk  of  the  quartz  just  as  in  other  microcline-quartz-pegmatites ; 
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and  it  is  quite  common  to  find  highly  (juartzose  and  highly  fel- 
spathic  pegmatitic  veins  in  acid  ii^-anites,  which,  though  appearing 
as  intruded  dykes  or  veins,  are  nevertheless  virtually  contempor- 
aneous with  the  granites.  For  these  reasons  the  veinlets  are  to  be 
regarded  as  felspathic  segregations  or  bands  in  granitic  pegmatitic 
qaartZy  and  not  as  distinctly  later  intrusions  of  microdine-albite 
felspar. 

Examination  of  the  quartz  specimens  therefore  shows: — 

(a.)  that  the  quartz  is  a  granitic  quartz  with  rows  of  fluid 

inclusions ; 
(b.)  that  in  most  cases  more  or  less  felspar  is  associated  wnth 

the  quartz  plates; 
(e.)  that,  frequentlj',  quartz  plates  are  enclosed  in  felspar, 
and  in  the  same  sections  felspar  plates  are  enclosed 
in  quartz;  and  that,  consequently,  the  quartz  and  fel- 
spar have  most  probably  solidified  at  or  about  the 
same  time; 
(d.)  that  the  quartz  itself  is  the  solidified  acid  residuum  of 
a  quartz- felspar  pegmatite. 

Relation  of  the  Quartz-Pegmatite  to  the  Gneissic  Granite, 

The  relation  of  the  ore-bearing  quartz  specimens  to  the  gneissic 
granite  is  of  some  interest  and  importance.  Tliere  are  two  possible 
relations:  (1)  that  they  are  merely  quartz-pegmatite  and  (juartz- fel- 
spar-pegmatite facies  of  the  gneissic  granite  itself,  (2)  that  they 
are  quartz-pegmatite  intrusions  into  the  gneissic  granite  and  conse- 
quently of  later  age.  Some  specimens  of  the  quartz  certainly  ap- 
pear to  show  transition  stages  from  the  gneissic  granite.  On  the 
other  hand,  the  maps  indicate  that  the  ore-bearing  quartzes  occur 
as  veins  or  dykes,  since,  at  their  widest  they  cut  across  the  foliation 
of  their  country  rock  and  taper  out  into  thin  veinlets  as  they  grad- 
ually become  parallel  to  the  foliation.  Moreover,  according  to  the 
field  evidence,  the  ore-bearing  quartz  veins  at  depth  frequently 
show  a  very  well-marked  line  of  demarcation  from  the  gneiss  with 
which  they  are  in  contact. 

From  the  evidence  available,  therefore,  they  must  be  regarded 
as  intrusions  into  the  gneiss  along  cracks  or  fissures  caused  by  dyna- 
mic strain,  and  consequently  of  later  origin. 

Associated  with  the  quartz  veins  are  frequent  occurrences  of 
wolfram  and  wulfenite. 

6.    The  Granites. 

The  specimens  of  these  collected  are  easily  divisible  on  external 
characters  into  two  groups: — 

(a)  The  comparatively  fine-grained  yellow  granites. 

(b)  The  comparatively  coarse-grained  grey  or  white  granites. 


(a)   The  Yellow  Granites: 

Typical  exwnples  of  these  are  [J],  [t,Vt]'  **^  [n'ffirl-  They 
are  all  line  to  medium  grained,  of  a  yeBowish  colour,  and  consist  of 
crystals  of  quartz  and  felspar  of  e<]iial  aiite,  with  black  flakes  of 
biotite.  In  tlie  two  fonuer,  biotite  is  more  common  than  in  [tt'ss] 
itt  which  only  scattered  flakes  occur.  The  characters  of  the  rocks 
ia  section  are  representeii  by  [J]  and  [tt'itj]- 

A  remarkable  feattire  of  [ttVs]  i*  'he  preaenee  of  Hmall  par- 
tides  oi'  gold  enclosed  in  Ihe  microelinc  felspar  (fig-  "3)- 


[\.]    from  CI  2  M.P.,  noodalin  Road,  Weston'a. 

The  sliiips  ihow  tabular  and  souieirhat  irregular  flaky  crygtaU  of 

felspar  and  irrcf>ular  plates  of  quartz  with  occasional  flakes  of  bromiah 
biotite.  The  felai>ar  ia  larjrelj  microcline,  but  oceaaional  plateB  of  a 
plagioi^lnxe  ivitli  broad  albite  lamellation  also  o?cur.  All  the  felspan  are 
e  slightly  micaceous.     Intergrowtiis 

^ _n  approach  to  graphic  struotiim — 

.,  anii  Hinall  areas  of  vermicular  pegmatite  are  obwrvftWe. 
Hounil  quartz  graiua  also  occur  in  the  microcline.  The  structure  in  esdcn- 
tially  granitic. 

The  rock  is  a  yellow  mU-rodine-hiotite  granite. 
[j-^\;.]     From  Qimrry  at  back  of  Old  Townsite. 
Is  identical  with  [}]. 
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[nV^*]     From  Recovery  G'.M.,  Westonia. 

Sections  show  the  rock  to  be  again  a  microcline-biotite  granite 
very  similar  in  structure  and  composition  to  [i],  but  with  less  biotite.- 
Microcline  felspar  is  predominant.  There  are  again  inclusions  or  inter- 
growths  of  quartz  in  microcline,  and  small  areas  of  the  vermicular 
micro-pegmatite  are  also  present. 

A  remarkable  feature  of  the  rock  is  the  presence  of  gold  in  thd 
felspar.  The  gold  is  in  the  microcline  in  small  particles  with  a  kind 
of  cellular  structure,  i.e.,  the  particles  are  very  ragged  in  outline  with 
small  open  spaces  in  the  interior.  In  spite  of  the  ragged  character, 
however,  it  is  difficult  to  see,  since  the  gold  undoubtedly  occurs  in  associa* 
tion  with  only  partially  kaolinised  felspar,  how  it  can  be  secondary. 
Jacquet*  has  recorded  the  occurrence  of  free  gold  in  microcline  in  a 
quartz-raicrocline  rock  from  New  South  "Wales,  and  there  is  at  present 
no  reason  for  believing  that  the  occurrence  in  ^Va^j  w  anything  but 
primary. 

All  three  epecimens,  [.^],  [fxV?]»  ^"^^  [tiVti]»  show  both  in 
external  appearance  and  in  composition  and  structure  a  marked 
similarity  with  the  granite  from  Southern  Cross  described  in  Bui- 
Utin  49.' 

[rrT'l  ^  specimen,  [7J-1],  from  Weston's  Reward,  76  feet 
level,  which  occurs  as  a  dyke,  is  included  here. 

A  coarse-grained  grey  granitic  rock  composed  of  rather  dark,  some- 
times nearly  black,  water-clear  quartz  crystals,  mostly  of  rounded  shape. 
in  a  mass  of  whitish  felspar  plates  and  some  black  scales  of  biotite. 
There  are  small  segregations  of  biotite. 

In  section,  there  are  large,  somewhat  rounded  crystals  of  clear  quatz 
and  large  irregular  plates  of  partially  kaolinised  microcline,  and  of  a 
plagioclase  of  acid  species  with  albite  twinning.  There  are  also  occa- 
gional  flakes  of  brown  biotite.  A  peculiarity  of  the  rock  is  that  the 
Doicrocline  often  appears  squeezed  in  between  the  quartz,  indicating 
that  the  quartz  has  consolidated  first.  There  are  cracks  in  the  quartz 
and  some  bending  of  the  lamellae  of  the  felspar,  as  well  as  uneven  ex- 
tinction. No  intergrowths  were  observed,  but  there  are  inclusions  of 
fel8|>ar  in  felspar  and  of  biotite  in  felspar. 

The  rock  is  coarse  microdine-hiotite  granite. 

(b)   The  Grey  or  White  Granites: 

These  differ  from  the  yellow  granites  not  only  in  colour,  but 
il«o  in  being  markedly  coarser  in  grain  and  in  being  in  places  al- 
most porphyritic,  with  large  crystal  plates  of  a  wliite,  pale-greenish 
white  or  faint  piuk  tint. 

The  microscopic  characters  of  the  group  are  illustrated  in 
specimens  [-jur]*  [t.W]»  «^d  U^^]. 

[ttcfI-      ^^rom  Ennuin  Tank. 

This  is  a  very  coarse-grained  grey  granitic  rock  with  occasional 
large  semi-porphyritic  felspar  crystals  and  scales  and  books  of  biotite. 

In  section  there  are  very  large  platy  and  tabular  crystals  of 
partially  kaolinised  and  partially  micacised  microcline  felspar,  and  less 
common  plates  of  a  plagioclase  with  albite  twinning,  with  aggregations 
of  irregular  plates  of  quartz  and  occasional  flakes  of  brown  biotite,  m 
places  ehloritic.  Wedge-shaped  crystals  of  sphene  also  occur,  sometimes 
of  considerable  size.     Some  vermicular  intergrowth  appears  in   places 

•  Memoin,  Qeol.  Sarr.,  N.S.W.,  1894. 
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and  an  approach  to  zonary  banding  is  noticeable  in  some  of  the  f^spar 
plates.  Some  of  the  most  kaolinised  felspars  are  quite  turbid  and 
enclose  small  grains  of  epidote.  A  few  grains  of  black  iron  ore  (ilmen- 
ite)  appear  sporadically. 

The  rock  is  a  very  (foarse-grained  semi-porphyritic  microcline- 
hiotite  granite, 

[-r^w].  From  two  miles  east  of  128  M.P.,  Rabbit-Proof  Fence, 
South  Yilgarn. 

A  medium-grained  grey  granitic  rock  with  large  semi-porphyritic 
pinkish  felspar  crystals  in  a  finer-grained  mass  of  pinkish  felspar,  quartz 
and  biotlto  flakes. 

Sections  conRist,  as  in  [rirv]*  of  large  partially  kaolinised  and  par- 
tially micaci^ed  platy  crystals  of  microcline  felspar,  fewer  large  quartz 
plates  that  are  in  some  eases  more  or  less  rounded,  and  smaller  ragged 
quartz  plates,  with  occasional  flakes  of  brown  biotite  and  grains  of  iron 
ore.  There  are  undoubted  rounded  inclusions  of  quartz  in  the  microcline, 
and  rounded  inclusions  of  vermicular  intergrowth  also  in  the  felspar. 
Irregular  lamellation  and  extinction  in  the  felspar  and  uneven  extinction 
in  the  quartz  are  common.    There  is  some  chloritisation  of  the  biotite. 

The  rock  is  essentially  the  same  as  [wj^y],  i.e.,  a  microcline^ 
biotite  granite, 

[t:t«]-  l^'rom  Mount  Gibbs,  Phillips  River  G.F. 
A  rather  coarse-grained  white  or  light-grey  granitic  rock  with  large 
plates  of  microcline  showing  intergrowths  of  quartz  and  an  approach 
to  graphic  structure,  and  biotite  scales  in  thin  streaks,  giving  in  places 
a  suggestion  of  gneissic  structure  to  the  rock.  The  sections  show,  as 
in  the  previous  specimens,  large  microcline  and  quartz  plates  with  flakes 
of  biotite  and  green  chlorite.  The  quartz  plates  appear  in  places  to  be 
partially  granulated,  or  at  any  rate  broken  down  into  smaller  fragments. 
There  is  uneven  extinction  in  the  quartz  and  felspar,  and  irregular 
lamellation  and  bending  of  the  lamellae  in  the  felspar,  characters  due 
to  dynamic  strain  on  the  rock.  Vermicular  intergrowths  also  occur,  some 
in  the  microcline. 

The  rock  is  again  a  coarse-grained  microcline-hiotite  granite. 
It   is  very   evident,  then,   tliat  these   three   specimens,  though 
collected  from  places  many  miles  apart,  are  all  so  closely  similar 
both  in  a])pearance,  structure,  and  composition  that  they  must  be 
regarded  as  portions  of  the  same  or  of  a  geneticallj'  similar  mass. 

Belaiion  of  Group  (a)  to  Group  (h)  : — 
In  external  ap])earance  the  two  groups  are,  as  already  stated, 
undoubtedly  separable.  When,  however,  attention  is  directed  to 
the  composition  and  structure  of  the  two,  a  very  marked  similarity 
becomes  at  once  a|)])arcnt.  Both  groups  are  microcline-biotite- 
jrranite:  in  both,  the  main  constituents  are  the  same,  viz.,  quartz, 
microcline,  and  biotite:  and  in  both,  the  same  peculiarities  are  mani- 
fested, viz.,  vermicular  micropegmatite  areas,  and  inclusions  or 
intergrowths  of  (juartz  in  the  felspar.  There  are  differences  be- 
tween the  urouj)s,  but  those,  such  as  the  presence  of  semi-porphy- 
ritic structure,  the  ])resence  of  green  chloritic  flakes,  and  the  pre- 
sence of  s])hene  crystals  in  Group  (b),  are  of  minor  importance. 
With  regard  to  sphene,  this  mineral  has  not  been  obsen^ed  in 
Group  (a),  but,  on  the  other  hand,  it  is  not  observable  in  all  speci- 
mens of  Group  (b).    Again,  specimens  like  [wJj-t],  which,  according 


'n  lield  evidence,  are  dykes  and  are  connected  with  the  granites  of 
f  Jn»up  (a),  are  both  in  external  appearance  and  in  composition 
^irikinfrly    similar  to  [^^g]. 

Sinf-e,  therefore,  the  mapping  shows  the  rocks  of  Group  (a) 
tM  «>rtnir  as  veins  or  apophyses,  it  is  probable  that  the  yellow  speci- 
mens are  but  a|M>physal  varieties  of  a  main  mass  of  which  the  rocks 
c»:'  fJroup  (b)  are  specimens.  This  being  the  case,  it  would  appear, 
turther,  that  the  quartz  and  quartz- felspar  pegmatite  that  form 
tie  ore-bodies  of  the  Main  Lode  are  genetically  connected  with  the 
riiasnna  wliich  gave  rise  to  the  grey  granite.  Owing,  however,  to 
I'ue  impossibility  of  obtaining  further  field  evidence  on  this  point, 
n4»  positive  assertion  to  this  effect  can  be  made. 

7.     The  Aplite  or  White  Granite  Dtkes. 

These  occur  as  thin  veins,  varying  in  thickness  from  an  inch  to 
A  tew  feet.  They  cut  through  all  the  other  rocks  whose  relations 
Aith  them  can  be  obsen^ed.  They  are  comparatively  large  in  num- 
\iifT  but  their  chief  characters  are  represented  by  the  following 
specimens: — 

(a)  From  a  depth  of  238ft.  to  241ft.  in  the  No.  3  Bore: 

This  is  a  coarse-grained  white  granite  with  felspar,  in  part  micro- 
fline,  in  part  orthoclase,  in  part  apparently  albite  or  oligoclase.  Small 
areas  of  vermicular  micropegmatite  occur,  also  small  flakes  of  greenish 
rhloritic  biotite  and  of  green  chlorite.  There  are  inclusions  or  inter- 
?rowths  of  quartz  in  the  felspar;  and  the  lamellae  of  the  felspar  are  in 
y\^ces    bent  by  strain. 

(b)  From  243ft.  to  2olft.  in  the  No.  3  Bore: 

This  specimen  is  a  fine-grained  white  granite  characterised  by  small 
beautiful  euhedral  red  garnet  crystals.     (Fig.  74.) 

(<-)   From  270ft.  to  281ft.  in  the  bore  from  Weston's  Reward: 
The  rock  is  a  fine-grained  white  granulitised  or  granulated,  highly 

feLspathie  apUte.     The  plates  of  felspar  and  quartz  are  ragged,  granu- 

late^l  at  the  margins,  and  broken  down  in  places  into  small  round  grains. 

lien^ling  of  the  felspar  lamellae  is  again  noticeable,  and  there  is  rarely 

a  little  brown  biotite  in  thin  flakes. 

(  d )  The  thicker  dykes : 

One  specimen  of  these  shows  a  fine-grained  white  facies  enclosing 
a  lenticular  band  of  the  biotitic  granitic  gneiss,  and  while  the  specimen 
U  fine-grained  as  a  whole,  it  gradually  becomes  coarser  towards  the 
mar^n  of  the  xenolithic  inclusion.  While  the  enclosing  rock  is  masbive, 
the  xenolith  is  markedly  foliated  and  highly  biotitic.  In  section,  the 
raelosing  rock  consists  of  large  plates  of  microcline  and  smaller  plates 
of  qnartz.  The  former  are  ragged,  partially  kaolinised,  in  places  broken 
•town  into  a  granular  mosaic,  in  places  with  many  small  quartz  inclu- 
nons,  and  in  places  with  marked  granular  and  striped  intergrowths. 
The  felspars  are  all  more  or  less  kaolinised. 

Other  specimens  are  coarse-grained,  but  w^ith  portions  so  fine- 
grained as  to  be  felsitic  in  appearance.  These  felsitic  bands  may  repre- 
«ent  chilled  margins. 

Id  general,  therefore,  the  rocks  are  white  in  colour,  an\l  vary  in 

zrain  from  fairly  coarse  to  a  fineness  that  is  almost  felsitic.     They 
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eoiiBist  of  ftUpar  and  r|uartK,  the  former  beiog  in  places  largel 
miiToclino,  but  iu  places  orthoclase,  and  another  acid  plagioclas 
Only  rarely  do  a  few  st^ales  of  brown  biotite  and  green  chlori 
appear.  In  one  instance,  i.e.,  at  243  fe«t  to  251  feel  in  the  No. 
Bore,  the  irranite  or  aplite  containn  small  red  garnets. 


S.     Thb  Hill  Esu  and  Battler  Gneiss. 
(a.)    The  Hill  End  Gneiss: 

Two  spocimena  of  this  [iVsjl  *"d  EtAtI  show  somewhat 
(liffennt    pharactcrs. 

[ii'iii]  Thia  is  a  foliated  iiiedium-graiDed  tough  grey  rock  witl] 
aiilnslioH  and  strings  of  brown  biotite  mica  and  small  pale  jellowisli- 
grcen  patches,  with  some  silvery  ncales  of  white  miira, 

[n  si'E'tldii  the  ro<-k  is  a  II tie- grained  granulitit!  or  granular  maa^ 
of  nuinded  and  jjolygonal  inosnic  plalea  of  clear  felspar  and  quartz,  in 
whirl)  are  oi'^nsionat  largo  platy  crystals  of  felspar  generally  higbly 
micacisoil  and  partially  broken  down,  especially  at  the  margins,  into  a 
grannlar  mass  of  small  plates.  Tbrougli  the  mosaic,  and  aggregated 
at  certain  spots,  are  nearly  colourless,  yellowish  nispa  of  minute  hair- 
like needles  so  fine  as  to  prevent  their  optical  characters  being  arrived 
at.     The  haira  jienetrate  both  quartz  and  felspar  grains  and  plates.     In 
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eerUun  places  they  occur  as  fibrous  masses  or  plates,  and,  in  the  fibres,  a 
iointed  structure  with  an  indistinct  cleavage  parallel  to  their  length  is 
noticeable.  Moreover,  thejr  appear  to  be  biaxial,  though  the  fact  that 
'they  penetrate  other  minerals  renders  their  optical  characters  obscure. 
Tbouf^h  they  resemble  tremolitic  aggregates,  they  have  been  determined 
in  the  Surrey  Laboratory  from  coarser  specimens,  in  which  their  charac- 
ter is  clear,  as  sillimanite  needles. 

A  noteworthy  feature  of  the  felspars  is  that  most  of  the  large 
jiartially  micacised  and  granulated  plates  have  the  gridiron  structure 
of  mierocHne,  and  even  some  of  the  smaller  grains  exhibit  the  same 
strneture.  There  are  small  scales  of  brown-red  biotite  scattered  over 
the  slide,  and  occasionally  small  pale-green  chloritic  scales  with  a  net- 
work of  needles  resembling  sagenite  webbing.  Kaolinisation  is  common 
in  the  felspar,  especially  in  the  large  plates.  The  structure  was  origin- 
al It  coarse  platy,  but  has  been  reduced  by  granulitisation  or  granulation 
to  a  mosaic  granular  one. 

The    rock    is    a    foliated    granulitic    qtiartz- felspar    sillimcMite 

[nVr-]-  "^^^B  is  a  dull  greyish- white  foliated  rather  fine-grained 
roi-k  with  the  foliation  marked  by  strings  of  biotitic  scales,  and  with 
splashes  and  large  flakes  of  silvery  mica.  In  section  it  is  a  fine-grained 
^anular  mass  of  quartz  and  kaolinised  and  micacised  felspar  plates, 
with  occasional  greenish  scales  of  chlorite,  large  flakes  and  platy  aggre- 
LTites  of  white  muscovite,  and  large  platy  felspars  micacised  and  kaolin- 
i<^<l  and  partially  granulated.  Some  of  the  small  fibrous  chlorite  scales 
hax'e  already  acquired  a  brownish  biotitic  character,  and  in  many  the 
at  icular  webbing  is  again  visible.  Some  undoubted  grains  of  tourmaline 
or^'nr,  some  calcite,  and  apparently  pome  zoisite.  In  some  places,  large 
*y»'e5  of  muscovite  occur,  with  a  finely  fibrous  structure  resembling  that 
of  the  doubtful  haematite  aggregates  in  [y^Vvl- 

The  structure  is  fine  granular. 

The  rock  is  decidedly  of  acid  character,  a  granular  mass, 
:Df»stIy  of  quartz  and  felspar,  and  interpreted  as  a  chloritic  musco- 
it'c  granulitic  quartz- felspar  gneiss. 

Both  [yVt?"]  ^^  [tt^tI  *^®  obviously  varieties  of  the  same 
n^ck.  In  the  field  the  rock  is  bordered  by  hornblende  schist,  and 
its  oecurrence  distinctly  suggests  an  origin  as  a  dyke,  which  the  oc- 

cjrrence  of  tourmaline  in  [^yVyl  strengthens. 

(h)    The  Battler  Gneiss: 

This  is  typically  represented  by  [^^5^]. 

The  rock  is  a  fine-grained  yellowish-grey  finely  foliated  rock  with 
ti'lsLshes  and  strings  of  a  brownish  biotitic  mineral.  The  latter,  often 
intimately  mined  with  the  rock  mass,  give  it  a  brownish  tint.  On  the 
rr*fj»    fracture  the   rock  is  pale-grey   in   colour   and   almost    felsitic    in 

In  section,  it  consists  of  a  fine  granular  or  granulitic  mass  of 
rlear  quartz,  and  micacised  as  well  as  kaolinised  felspar  plates,  with 
y^^ttered  scales  and  imperfect  bands  of  yellowish-green  chlorite,  and  of 
s  brown-yellow  biotitie  mineral  that  is  probably  chlorite  in  course  of 
alteration  to  biotite.  Many  of  the  felspar  grains  exhibit  the  gridiron 
•tructure  of  microcllne,  while  others  show  the  broad  albite  twinning, 
nnd  some  no  twinning  at  all. 

The   rock    is    a   fine-grained    almost   felsitic   granular    quartz- 

feUpar  gneiss. 
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There  is  no  doubt  that  both  this  Battler  gneiss  and  the  g:neiss 
from  Hill  End  are  varieties  of  the  same  rock. 

As  to  the  affinities  of  the  gneiss  with  the  other  rocks  in  the  field, 
not  mueli  can  be  said.    The  only  other  rock  with  which  a  connection 
could  be  established  is  the  Edna  May  grey-biotitic  gneiss.         The 
Battler  and  Hill  End  gneiss,  however,  appear  distinctly  more  acid ; 
hornblende  was  not  found  in  it  in  any  section;  and  from  its  occur- 
rence it  is  distinctly  intrusive  into  the  hornblende  schists.      On   the 
other  hand,  particularly  in  the  Hill  End  gneiss,  brown-red   biotite 
scales  and  patches  occur  identical  with  those  in  the  Edna  May  gneiss, 
and  chlorite  flakes  in  course  of  alteration  to  the  biotite  are  by  no 
means  uncommon.     The  structure,  however,  and  the  composition  oil 
the  two  gneisses  are  to  a  considerable  extent  dissimilar,  for  in  the 
Battler  and  Hifll  End  type  microclinic  plates  are  common,  there  is 
intense  micacisation  of  the  felspar  and  an  occasional  occurrence  of 
lourmaline,  while  these  characters  are  absent  from  the  Edna  May 
type. 

In  spite,  therefore,  of  certain  similarities,  and  on  account  of 
differences  in  structure  and  composition,  and  the  absence  of  any 
field  connection,  it  is  not  feasible  to  correlate  these  rocks  with  the 
Edna  May  gneiss.  It  is  possible,  of  course,  that  they  may  represent 
more  acid  apophyses  of  the  intrusion  which  may  have  given  rise  to 
the  Edna  May  rock,  but  in  this  case  there  must  have  been  a  con- 
siderable variation  in  structure  and  composition,  though  the  chlorite 
of  the  Battler  gneiss  may  represent  former  hornblende.  The  evi- 
dence at  present  available  is  too  sparse  and  obscure  to  enable  an\' 
definite  conclusions  to  be  drawn. 


B  — THE  DOLERITE  DYKES  FROM  THE  CORINTHIAN  MINE. 
These   are   dense-black,    fresh,    medium   to   fine-grained    rocks, 
varying  in  width  from  two  feet  to  twenty-six  feet.    They  occur  dis- 
tinctly intruding  the  granite.     Their  chief  characters  are  illustrated 
by  [13945]  and  [139441.     The  former,  in  section,  consists  of  large 
columnar  felspars  and  large  grains  of  augite  as  well  as  numerous 
smaller  latlis  of  felspar  and  smaller  grains  of  augite,  with  a  sub- 
ophitic  relation  between  the  crystals  of  the  two  minerals.     Grains 
of  iron  ore  are  common.    The  latter  [13944]  consists,  in  section,  of 
altered  large  porphyritic  felspars  and  occasional  large  grains  of 
augite  in  a  fine-grained  gi-ound-mass  consisting  of  very  thin  laths  ot 
felsj)ar  and  grains  of  partially  chloritised  augite,  with  patches  of 
iron   ore.      This   specimen   is   a   porphyritic   basaltic   dolerite   witli 
strong  resemblances  to  an  augite-andesite. 

The  mineral  composition  of  both  rocks  is  the  same,  but  [13944] 
has  decidedly  more  of  a  basaltic  .structure.  Both  the  microscopic* 
and  the  field  evidence  i)oint  to  its  being  a  chilled  marginal  facies  of 
the  normal  dyke  represented  by  [13945]. 
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C— BOCKS    PROM    THE    BULLFINCH    AREA. 
These  comprise   specimens   collected  some   years   ago   by   Mr. 
(\  B.  G.  Gibson  and  those  collected  by  Mr.  Blatcbford  during  the  re- 
c-ent   sun'ev. 

Mr.  Gibson's  rocks  are  represented  by  [11623],  [11519], 
: 11518],  [11517]. 

[11523.]  This  is  a  confusedly  fibrous  epidiorite  consisting  of 
fibrous  wisps,  plates  with  a  fibrous  fringe,  and  sheaves  of  nearly  colour- 
J^as  hornblende  separated  by  a  fine-grained  microcrystalline  mosaic  of 
felspar.  The  latter  represents  original  platy  felspars  which  dynamic 
stress  has  reduced  to  mosaic.  In  places,  remains  of  the  original  colum- 
nar crystals  may  still  be  seen,  and  since  these  still  form  a  kind  of  coarse 
plexus  it  is  probable  that  the  rock  was  originally  a  coarse  dolerite  or 
^bbro,  such  as  those  described  in  Bulletin  49,  from  the  Southern  Cross 
area. 

[11520]  is  very  similar,  but  the  hornblende  is  greatly  predominant 
over  the  felspar,  and  the  grain  is  fine. 

[11519.]  This  is  a  coarse-grained  rock  composed  of  large  ragged 
extremely  fibrous  plates  of  pale-green  nearly  colourless  uralitic  horn- 
blende, with  a  few  plates  of  yellowish  chlorite.  There  is  a  noticeable 
fibrous  margin  to  the  plates,  though  many  of  them  are  intensely  fibrous 
throaghout  Very  little  felspar  is  visible,  though  it  may  to  some  extent 
Ite  obscured  by  the  hornblende  fibres. 

The  rock  is    a    fibrous    uralitic    homblendite,    probably    derived 
ori^inallv  from  a  coarse  gabbro  or  pyroxenite. 

[11518.]  This  rock  is  a  very  fibrous  uralitic  epidiorite  in  which 
felspar  is  rather  poorly  developed,  though  probably  obscured  by  the 
hornblende  fibres.  A  little  zoisite  appears  to  be  present.  The  rock  is 
essentially  similar  to   [11523.] 

[11517.]  A  fine-grained  schistose  fibrous  quartz  epidiorite  with  the 
fprro-magnesian  and  the  colourless  constituents  in  about  equal  amount. 
The  felspar  is  in  small  plates  largely  in  process  of  granulitisation  and 
kaolinination,  and,  like  the  hornblende,  elongated  somewhat  in  the 
dirertion  of  schistosity.    Quartz  grains  are  but  sparsely  distributed. 

It  will  be  seen,  therefore,  that  the  rocks  are  all  either  fibrous  epi- 
diorites  or  homblendites,  and  all  have  originally  been  derived  from 
;rabbro  or  pyroxenites.  Mr.  Gibson  in  his  report  on  the  Bullfinch 
property  divides  the  greenstones  into  two  series,  the  Older  Green- 
>tones  and  the  Newer  Greenstones.  The  former  he  considei's  to  have 
been  originally  probably  fine-grained  diabases  ultimately  altered  by 
dynamic  metamorphism  into  schistose  epidiorites.  The  latter,  he 
states,  are  essontinlly  coarse-grained,  generally  sheared  or  schistose, 
and  were  originally  coarse-grained  pyroxenites. 

Kow,  while  coarse-grained  amphibolites  and  fine-grained  epi- 
diorites undoubtedly  occur,  particularly  around  Southern  Cross,  it 
must  be  carefully  noted  that  often  in  the  finer-grained  epidiorites, 
coarser  amphibolite  and  even  homblendite  bands  or  lenticles  may 
and  do  occur,  and  these  are  frequently  but  homblendic  segregations 
in  the  epidiorite  rock.  Further,  though  some  of  the  greenstones  may 
appear  to  have  been  derived  from  diabases  or  dolerites  and  others 
from  pyroxenites,  it  by  no  means  follows  that  the  different  facies 
are  of  different  age.  In  doleritic  and  gabbroid  masses  it  is  quite 
common  to  find  gradual  variations  from  a  rock  rich  in  felspar  and 
angite — ^a  gabbro — to  one  from  which  the  felspar  is  absent  or  nearly 
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so,  which  consists  almost  wholly  of  pyroxene — a  pjrroxenite.  Though 
the  end  products  of  the  variiettions  appear  mineralogfically  and  struc- 
turally different,  the  occurrence  of  transition  stages  proves  the 
genetic  connection  between  them.  The  homblendic  derivatives  of 
these  end  products  would  be,  in  the  one  case,  felspathic  amphibo- 
lites  or  epidiorites,  in  the  other,  hornblendites,  yet  both  -would  be 
of  the  same  age  and  origin. 

The  specimens  collected  by  Mr.  Blatchford  are  from  the  rock 
in  the  drive  from  the  main  shaft  in  the  Bullfinch  Mine  at  the  410ft. 
level.  The  numbers  of  the  series  occur,  roughly,  in  the  following: 
order,  starting  from  the  shaft  * : — 

[ttft]»  [tktf*]  [ttjtfI'  [TT<r?r]»  [tttijI  [tttt]'  [ttVt]» 
[ttVt]'  Dolomite  lode,  [ttt^I  IttVfI- 

The  characters  of  the  rocks  are  as  follows: — 
[n^ffT-]  ^  fine-grained  dark  grey-green  homblendic  rock  with 
grains  of  coarser  and  greener  hornblende  fibres  and  small  patches  of  a 
brownish  tint.  In  section,  the  rock  is  a  medium  to  fine-grained  epidiorite 
with  a  little  quartz  in  addition  to  felspar.  It  consists  of  a  r&gged  platy 
fibrous  mass  of  greenish  hornblende,  the  plates  sometimes  forming  a  loose 
network  or  patchwork  with  the  interspaces  occupied  by  a  few  gprains 
of  a  quartz-felspar  mosaic.  In  places,  the  quartz- felspar  mass  is  pre- 
ponderant, the  hornblende  occurring  only  in  isolated  plates  or  strings, 
but  generally  hornblende  forms  most  of  the  rock.  The  brownish-green 
patches  are  due  to  the  presence  of  some  flakes  of  brown-red  chloritic 
biotite.  A  slight  tendency  to  parallel  arrangement  is  noticeable  in 
many  of  the  hornblende  plates.  Accessories  are  few,  and  the  structure 
is  platy  granular. 

TttVi]  The  rock  is  very  similar  in  external  appearance  to  [TT*dTJ- 
Sections  of  it  also  resemble  those  of  [ti^^I,  but  the  hornblende  is  in 
fibrous  stringy  plates,  with  the  strings  forming  an  indistinct  foliation. 
The  mineral  composition  is  the  same  as  in  [ttVt"'  ^"*  quartz  is  less 
common.  Slight  chloritisation  is  noticeable  in  the  hornblende.  The  rock 
is  essentially  the  same  as  [^1^4''.   ^"^  ^^*^  *  tendency  to  schistosity. 

An  analysis  of  the  rock  [G.S.L.  9726D]  in  the  Survey  Labora- 
tory gave  these  results: — 

SiO,       62-20 

AI2O3      ...         ...         ...         •••  14*22 

J  ©jOg      ...  ...  «••  •••  "' 

PeO       7'76 

MnO      ...         ...         ...         ..•  '^1 

MgO  ...         ...         •••  8*71 

CaO        12-86 

Na^O      ...         ...         ...         ..•  *66 

iv^U  ...  ...  ...  ."•  ^" 

HiO  hyg '07 

H.2O  comb.        ...         ...         ...  1*72 

TiOa       '69 

\>\J2  •••  •••  ••*  •*"  ^t7 

PaOg        ...  ...  ...  •••  *09 

J?  Goo  ...  •••  ■..  •••  ~" 

\j>T2^8         •••  •••  •••  •"•  *'■ 

V  q\Jh         ...  •••  •••  •••  ••• 


Total      100-71 

Analyst — TT.    Bowie  v. 


•  Plate  XI. 
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[tiVx]    ^  ^  somewhat  sheared^  fine-grained^  faintly  banded  dark- 

broina  and  green  rock,  very  similar  to  the  brownish  portions  of    [tt^?]- 

In  9e4*tion  it  consists  of  a  very  fine-grained  ground  made  up  of  numer- 

ODS    small    plates    and    strings   of  a  yellow-brown  pleochroic   biotitic 

chlorite,  with  here  and  there  areas  in  which  ragged  prisms  of  greenish 

hornblende   appear,    sometimes   chlorltised.     All  through   the   brownish 

scales  are  very  small  grains  of   felspar.     Barely  small  green  chlorite 

scales  occur  mixed  with  the  brown,  and  a  little  calcite  appears  in  places. 

Quartz  was  not  definitely  recognised,  though  a  little  may  be  present. 

Accessories  are  few.     There  is  little  doubt  that  the  brown  fiakes  have 

been  derived  from  the  green,  and  that  the  rock  is  a  facies  or  variation 

of  '  YT*«  *]  *nd  [tt^it  !  more  affected  by  dynamic:  stresses. 

[tt«3J  ^^^  ItiVtI-  These  are  both  fine  schistose  dark-grayish 
green  chloritic  rocks  with  faint  sheen.  On  the  cross  fracture  they  appear 
darker  green  and  granular.  Sections  consist  of  stringy  patches  and 
imperfect  bands  of  green  fibrous  chlorite,  in  places  charged  with  black 
grains  of  iron  ore,  with  the  patches  and  bands  separated  by  a  mosaic 
of  quartz  plates  of  various  sizes  from  small  grains  to  large  plates. 
These  quartz  areas  often  also  contain  chlorite  scales.  Small  fibrous 
nesfta  of  colourless  hornblende  needles  appear  occasionally  in  the  chlorite 
patches. 

The  rocks  are  both  chlorite-quartz  schists.  They  have  un- 
doubtedly the  structure  of  many  schistose  epidiorites,  but  differ  from 
these  in  having  chlorite  instead  of  hornblende,  and  quartz  instead 
of  felspar.  They  are  exactly  what  would  result  from  the  alteration 
of  the  hornblende  of  the  epidiorites  to  chlorite,  and  the  granular 
felspar  mass  to  quartz. 

An    analysis  of  the  rock  [G.S.L.  972oD]  in  the  Survey  Labora- 
tory resulted  as  follows: — 

SiO)  ,..  ...  ...  ...  48*35 

AlgOg  ...  ...  ...  ...  13*11 

Jr  e^Oj  ...  ...  ...  ...  2*77 

jfO\}  ...  ...  ...  ...  lo  U^ 

MnO  ...  ...  ...  ...  '07 

MgO  11-86 

oavi  ...  ...  ...  ...  «o 

Vta^^J         ,.,  ...  ...  ...  OO 

J>-2vJ  ...  ...  ...  ...  \}i 

H^    hyg 04 

HiO    Comb 7-30 

TiOa       1-20 

COa  ...         ..           ...         ...  '15 

"v's  '••          •••          •••          •■•  '1.x 

•"  ^'^^S    •••      •■•      ■•«      •••  v/" 

^^ •  S^^H    •••      •••      •••      •••         ••• 


Total         100-69 

Analyst— H.  Bowley. 

Tlie  analysis  confirms  the  microscopic  determination  of  the  rock 

as   a    hydrous  alumina-magnesia-iron  silicate  with  quartz. 

',pjiyy1,  '"xtVo*  ttVt]'  All  these  rocks  are  very  dark-grey,  soft, 
Xgj^^se  rocks  with  veinlets  of  pure  greenish-white  talc.  They  are  all 
more  or  less  sheared. 
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In  section  they  consist  almost  entirely  of  a  dense  mass  of  |>«arly 
talc  scales  in  which  are  irregular  grains,  granular  aggregates,  and  patches 
of  a  carbonate,  and  in  some  cases,  patches  of  pale  greenish^  nearly 
isotropic  chlorite.  In  the  talc  areas  are  grains  of  black  iron  ore  and 
a  little  pyrites. 

The  rocks  are  sheaied,  dark-grey,  talc-carbonate  rocks,  prob- 
ably derived  by  chemical  and  dynamical  alteration  from  amphi- 
bolites. 

LTiVirJ  A  much  weathered,  soft,  greenish-yellow  highly  schistose 
rock.  Sections  consist  of  numerous  fine  strings  and  aggregates  of 
strings  forming  bands,  of  yellowish-green  chloritic  scales,  witn  occasional 
small  lenticular  patches  and  strings  of  colourless  iridescent  scales  that 
are  either  talc  or  sericite,  probably  the  former.  In  the  green  chloritic 
strings  are  a  few  small  grains  of  a  coloprless  mineral  that  is  either 
quartz  or  felspar. 

The  rock  is  a  weathered  finely  foliated  chloritic  schist, 

[tt^t]  ^  ^'®^y  fine-grained,  finely,  though  indistinctly  foliated, 
brownish- black  or  grey  rock  with  a  faint  sheen  and  y>\th  a  suggestion 
of  corrugation  on  the  surfaces.    The  rock  has  almost  a  flinty  appearance. 

In  section,  the  rock  is  composed  of  an  extremely  fine-grained  mass 
of  rounded  and  polygonal  felspar  plates  %nd  small  patches  of   slightly 
coarser  texture,  in  which  are  stresses  of  greenish  chloritic  scales^    and 
strings  and   scaly  patches  of  small  flakes    of    colourless    mica.       The 
chloritic  streaks  are  not  infrequent,  and  ii^  places  appear  almost  as  thin 
bands,  while  the  coarser  felspar  plates,  most  of  which  are  slightly  kaolin - 
ised,  occur  largely  in  association  with  these  bands.     Rutile  needles  are 
observable  in  the  chlorite  scales.     A  noteworthy  feature  of  the  rock  is 
the  occurrence  in  association  with  the  chloritic  streaks  of  minute  highly 
pleochroic   greenish  needles.     These  have  marked  jointing,   apparently 
straight  extinction,  and  strong  absorption  in  a  direction  at  right  angles 
to  that  in  biotite — in  other  words,  they  have  characters  agreeing  with 
those  of  tourmaline.    In  somq  cases,  however,  a  faint  cleavage  is  notice- 
able, and,  so  far  as  could  be  made  out,  the  mineral  is  biaxial.      The 
green  tones  of  the  mineral,  moreover,  are  rather  those  of  actinolite  than 
tourmaline.    The  needles,  therefore,  are  with  doubt  referred  to  actinolite. 

There  is  a  marked  parallelism  in  the  alignment  of  the  chloritic 
streaks,  the  green  needles  and  the  mica  scales  and  needles.  The  struc- 
ture of  the  rock  is  very  fine  granular,  and  appears  to  be  due  to  the  granu- 
lation of  a  highly  felspathic  facies,  probably  originally  with  hornblende. 
of  the  slide  is  that  observab  e   in    the   more   felspathic  portions  [tt«4^» 

The  origin  of  the  rock  is  not  clear.  To  some  extent,  the  appearance 
and  in  default  of  clearer  evidence  the  rock  is  put  down  as  a  very  fine- 
grained foliated  highly  felspathic  facies  of  a  greenstone  that  has  been 
completely  granulated. 

The  interpretation  of  the  section,  owing  to  the  very  small 
amount  of  evidence  procurable,  is  very  difficult.  [tiVit]  ^^^  [yiVrJ* 
as  has  been  shown  are  chloritic- quartz  schists  which,  in  structure 
at  any  rate,  strongly  suggest  that  they  have  been  derived  from  a 
foliated  or  schistose  epidiorite.  They  are  devoid  of  lime.  fT^^VrJ' 
riTTir]'  ®"^  [tittI'  again,  are  chloritic  talc-carbonate  rocks,  sheared 
and  with  a  fairly  large  development  of  carbonates.  It  would 
seem,  therefore,  that  these  three  were  amphibolites  which  occurred 
in  a  zone  of  intense  shearing  and  chemical  action  that  resulted  in 
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tlie  alteration  of  the  amphibolite  to  talc,  chlorite,  and  a  carbonate. 
\  j\y^]  and  CxiVrl'  ^^  **^®  margin  of  this  zone,  were  not  altered  to 
the  same  extent,  but  through  chemical  action  their  lime  content 
^-as  renioved,  and  it  may  have  contributed  to  the  carbonate  develop- 
t.ent  in  [n^gTy],  [titif1»  ^^^  EtiVtI-  ^^  ^  possible,  of  course,  that 
'i,,,^.]  and  CitVtI  ^^*y  have  been  hornblende  schists  from  which 
if  L>i{iar  has  always  been  absent,  but  this  is  less  likely  than  the 
t<-mi«T  explanation. 

The  occurrence  of  [xxVf]  ^^'^  [ttVj]*  both  fine-grained  fresh 
<"f>:diorites,  with,  on  the  one  side,  the  talc-carbonate  rocks  [xyV?] 
'j  iVol*  ^^'^  [itVtI'  ^^'^  ^^  ^^^  other,  a  band  or  lode  of  dolomites, 
i-^  difficult  to  accoiuit  for.  The  most  feasible  explanations  seem 
t**  be  that  either  [xiV?]  ^^^  [xTVyl  represent  a  jater  epidiorite 
intrusion  into  the  altered  rocks,  or  they  are  massive  portions  of  the 
rc'ck  that  have  dScaped  the  shecuring  and  chemical  alteration  that 
tiave  affected  the  surrounding  country. 

D.— THE  GREENSTONES  PROM  GOLDEN  VALLEY. 

Typical  specimens  of  these  are: — 

[^\jf'\    from   G.M.L.   1899. 

[tjt]     ^rom  Mount  Colreavy. 

[t1-1    ^^^^   G.M.L.   1263. 

[ri^l    ^^^^  G.M.L.  1263. 

The  chief  characters  of  the  rocks  are  as  follows:— 
[riij]   G.M.L.    1899: 

This  is  a  very  coarse-grained  platy,  dark  grey-green  hornblende 
r  ntk  resembling  in  appearance  the  lustre-mottl^  amphibolites.  In 
«^nion,  it  consists  wholly  of  large  ragged  plates  of  an  intensely  and 
£L4^iT  fibroas  uralitic  hornblende,  with  here  and  there  in  the  plates  a 
r«-Tunant  of  less  fibrous  hornblende,  to  which  the  former  acts  as  a  fringe. 
\  little  reddish-brown  biotitic  chlorite  is  present.  No  felspar  was 
'/'•jCTved.    There  are  a  few  grains  of  iron  ore. 

The  rock  is  a  very  coarse  uralitic  hornhlendite,  probably  orig- 
inally derived  from  a  pyroxenite. 

[tKI    Mount  Colreavy: 

A  fine-grained  somewhat  sheared  dark  grey-green  rock  with  chloritic 

<}ieen  on  the  surface.     It  consists  of  numerous  feathery,  sheafy,  and 

•iivergcnt  acicular  groups  of  a  pale  green  very  fibrous  hornblende,  with 

*rie  interspaces  occupied  by  a  minute  felspathlc  mosaic  due  to  the  break- 

L^  down  of  felspar  plates,    (f^g.  75.) 

The  rock  is  a  fine-grained  fibrous  epidorite  similar  to  those 
<l#-ieribed  from  Bullfinch,  e.g.  [11623]. 

[rU]    G.M.L.  1263: 

A  fine-grained  dark-green  homblendic  rock.  It  is  a  felted  fibrous 
acd  platy  homblendite  composed  of  a  dense  confused  mass  or  felt  of 
«insll  ragged  fibrous  plates,  needles,  prisms,  and  rods  of  a  pale  green 
hornblende,  with  numerous  small  aggregates  of  grains  of  iron  ore,  and 
(yeasional  small  grains  of  clear  colourless  felspar.  A  little  kaolinised 
ffbpar  also  appears  in  places. 


[tIb-]      Very  similar  in  hand  Bpeeiwens  to  [,4,],  and  almost  idei 
cal  with  It  in  section,  tbougfi  it  little  finer  in  gram  and  with  a  deni 

The  rocks,  therefore,  from  this  locality  are  either  bornblecKlii 
of  coarse  grain  or  tibrous  epidiontes  of  finer  grain. 


Photo;     B.  A.  JTarqubarson. 


E.— THE    GREENSTONES    OP    HATTER'S    HILL. 

These  are  represented  by  the  four  rocks  [-Jj],  [-Jt(].  [:1b] 
and  [-In]- 

T^l  ia  a  fine-grained  dark  grey-green  finely  foliated  horablen^i* 
rock,  consisting  of  numerous  rods  of  green  hornblende  arranged  parallel 
and  separated  by  small  clear  grains  of  felspar.  Some  apatite  and  doubt' 
ful  zoisite  are  observable. 

The  rock  is  a  (iiie-graincd  acicular  hornblendt  schist. 

[t  Is  ]  is  a  coarse-grained  massive  dark-green  platy  honiblenM 
roi'k.  Ill  Hpc^tion  it  is  composed  of  large  ragged  plates  of  green  horn- 
blende, more  or  leaa  fibrous  and  pontorted,  and  indistinct  lamellated  pis'*" 
of  a  plagioclase  obscured  by  needles  and  radiated  tufts  of  hornblende 
and  by  an  evident  granulitisatlon.  Many  of  the  hornblende  plates  are 
partially  maabed  and  are  perforated  by  grains  of  tbe  felspar. 

The  rock  is  a  massive,  very  coarse-grained  crushed  ampfiif"'"  ' 
or  epidiorite,  derived  originally  from  a  gabhro  with  e%ee&  " 
pyro:(ene. 
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'^y1  ^  ^  medinm-gTained  dark  grey-green  hornblendio  rock  with- 
(nt  foliatioQi  bnt  with  white  granular  felspar  associated  with  the  horn- 
Vlen«le.  In  section,  it  proves  to  be  a  crushed  quarts  epidiorite,  doubt- 
less a  finer-^^rained  facies  of  [yi^j. 

[ri^l  is  idantical  with  [yfj]. 

There  is  no  doubt  that  [7J7],  [tJit]*  *^d  Cri^]  *r®  *11  varieties 
of  the  sanae  rock  mass. 

As  for  [^i^y]  it  differs  from  these  in  (a)  the  presence  in  it  of 
a  marked  foliation^  (b)  the  absenee  of  the  ragged  platy  forms,  and 
*ne  exclusive  occurrence  in  it  of  prismatic  rods,  (c)  complete  granu- 
iittsation  of  its  colourless  constituents.  Since,  however,  variations 
frijm  amphibolite  and  epidiorite  to  hornblende  schist  are  well- 
kniiwn  in  greenstone  areas  of  this  nature,  it  is  probable  that  [777] 
l^  merely  a  more  intensely  metamorphosed  variety  of  the  rock  mass 
represented  by  the  other  three  specimens. 


P.— SOME    GRAPHITI8ED   ROCKS   OF   DOUBTFUL   ORIGIN. 

[J.]  :      From  Comstock  Lease  No.  2111,  Boodalin : 

This  is  a  very  fine-grained,  dirty  greyish-black,  somewhat  porous, 
smphitie  rock  with  numerous  minute  white  scales  or  rods  all  arranged 
-•ith  the  long  axes  parallel.  There  is  a  suggestion  of  shearing  in  the 
^•eranen,  and  the  specific  gravity  is  light.  Owing  to  the  denseness  of 
zrain,  the  rather  soft  nature  of  the  specimen  and  the  graphitic  content, 
i*  is  Tcry  difficult  to  obtain  a  section  of  the  rock  of  any  value.  It  is 
^•nible,  however,  to  make  out  that  the  body  of  the  rock  is  composed 
'^i  snail  quartz  grains  heavily  charged  with  a  black  dust,  of  which  some 
Tttitieles  have  the  appearance  in  reflected  light  of  graphite  scales. 
I"]btle98  there  is  a  considerahle  amount  of  amorphous  graphite  as 
«HL  In  addition  to  these  constituents,  there  are  occasional  pale  yellow 
f^rnns  flakes  resembling  decomposed  mica,  and,  rarely,  rather  large 
1'^^  of  minute  scales  of  mica  heavily  charged  with  the  black  dust. 
Tr.t^e  large  micaceous  aggregates  are  of  obscure  origin,  but  are  con- 
fiweent  with  a  derivation  from  original  ehiastolite. 

From  the  character  of  the  rock  and  from  comparison  with  un- 

•ioabted  ehiastolite  shales  from  the    same    field,  it    is    probably  a 

v-^aredy  much  altered,  graphitic  shale  of  the  chiastolite'Shale  series, 

[}] :     From  Comstock  Lease  No.  2111,  Boodalin: 

An  extremely  decomposed  rock,  apparently  sheared  or  indistinctly 
'2?.inated,  somewhat  porous,  extremely  ferruginous,  and  of  a  brick-red 
.  cr,  with  numerous  pale  slate-blue  rounded  forms  that  are  soft  and 
snnolar  and  in  places  blaclush.  The  rock  is  too  much  altered  for 
»niooing,  but  appears  to  be  slightly  graphitic.  The  bluish  forms  were 
at  irst  thought  to  be  flinty,  bnt  their  soft  nature  indicates  that  they  are 
imbtbly  decomposition  products.  Tests,  however,  with  the  blow-pipe 
fiikd  to  reveal  a  thoroughly  aluminous  character,  but  this  may  have 
V«B  doe  to  the  presence  of  iron  or  carbon,  and  it  is  probable  that  they 
iTt  ^leeompoaition  products  of  andalusite. 

The  Toek  is  ot  doubtful  origin,  but  is  classed  as  a  weathered 
^'rru^'nous  clayey  product  of  an  andalusite  shaile. 
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[^1^]  East  of  G.M.L.  2249  and  2251,  Golden  VaUey: 

A  finely  sheared,  almost  schistose  greyish-black  graphitic  qua 
rock,  with  angular  quartz  forms  on  the  shear  surfaces. 

Slides  show  the  rock  to  consist  almost  entirely  of  ragged  round 
and  angular  quartz  plates  surrounded  by  quartz  mosaic  of  varic 
degrees  of  fineness,  with  wavy  strings,  streaks  and  patches  of  black  du 
apparently  graphitic,  scattered  in  general  parallel  alignment  throu 
tbo  mosaic,  probably  along  the  shear  planes.  Many  of  the  plates 
quartz  are  partially  granulated  at  the  margins,  and  there  is  eviden 
that  lenticular  patches  of  mosaic  represent  disintegrated  or  broken  do> 
plates  of  quartz. 

The  rock  is  of  indefinit'e  structure  but  appears  to  be  a  high 
slieared  graphitic  quartz  breccia,  possibly  with  some  cement  • 
secondary  silica. 

[^1^]    G.M.L.  2239,  Golden  Valley: 

A  fine-grained,  finely  laminated,  dark  greyish-black,  high 
siliceous  rock,  in  places  with  granular  haematite  on  the  surfaces  < 
the  laminae.  A  curving  of  the  laminae,  and  in  places  a  contortio 
indicate    pronounced    shearing   since   formation. 

The  rock  is  of  doubtful  origin.  Its  laminated  character  siii 
jrests  a  finely  laminated  shale  that  has  been  completely  silicified. 

[fKI     ^t.M.L.   2239,   Golden  Valley: 

(2.)  A  coarse-grained  greyish-white  siliceous  rock  with  a  pinkisl 
tinge,  apparently  composed  of  angular  and  more  or  less  rounded  frag 
ments  of  quartz,  cemented  by  quartz,  and  with  a  sheared  structure  visibl 
on  one  fracture  surface. 

The  rock  is   again   of   doubtful    origin,  but   appears   to  be 

quartz  breccia,  with  quartz  fra^pnents  cemented  by  silica.       Som< 

roun<^ed  quartz  forms  have  a  conglomeratic  appearance. 
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viek  Biver ;  Collie  Coalfield ;  Proposed  Boring  foi  Artesian  Water  in  the  £astem 
Anicaltiual  Districts  ;  The  Coantry  between  Gape  Biche  and  Albany  ;  The  VVongan 
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Aoaoal  Progress  Beport  for  the  Year  1902.    {Out  of  prinL)  1908. 

Aoooal  Progress  Beport  for  the  Year  1908.    {Out  of  print,)  1004. 

Aanoal  Progress  Beport  for  the  Year  1904,  containing-^ 
Pllbara  Goldfleld  ;  Notes  on  u  Traverse  from  Marble  Bar  to  Boebourne  ;  State  Aid 
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Mining  Developments  at  Greenbushes ;  Boring  for  Goal  near  Uullewa.     Price,  Is. 

1906. 
4onual  Progress  Aeport  for  the  Year  1006,  containing — 
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at  Mundijong  ;  Boring  for  Artesian  Water,  West  Kimberley  ;  Boring  near  Wyndbam  ; 
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Annual  Progress  Report  for  the  Year  1912.     {Oal  of  print.)  1018. 
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Dominious  Royal  Commission  ;  British  Association  (or  the  Advanccmeut  of  Science  ; 
Reputed  Occurrence  of  Oil  in  Weetorn  Australia  ;  Meteorites  ;  Ore  Deposits  of 
P. As.  815c  and  818c,  Leonora  ;  Limestone  Deposits  of  the  South- Western  Division  ; 
The  Gold  Belt  of  the  Yilgarn  Ooldfleld  ;  Ora  Banda  ;  Mount  Magnet.  Lennonviilf . 
and  Boogardie  ;  Yuln  and  the  Royal  Standard  Mine  ;  Darlot  Deep  Lead  ;  Physio- 
graphicaf  Geology  of  Western  Australia  ;  Country  between  Latitude  23'  and'  :i(>° 
South,  and  lx)ngitude  110*  and  121*  East ;  Meekatharra  ;  Sandstone  :  Mikhaburra 
(Holdeu's  Find)  ;  The  North  End,  Kalg(X)rlie  ;  Country  between  Kalgoorlle  and 
Coolgardie  ;    The  Bremer  Range  Country.     Price,  Is.  1014. 

Annual  Progre^as  Report  for  the  Year  1914,  containing — 

Coment-makin^  Mi:terials  in  W.A.  ;  Possibility  of  the  occurrence  of  Potash  deposit." 
in  the  Salt  Lake  Areas  and  elsewhere  in  W.A.  :  Interstate  Conference  on 
Artesian  Water  Supplies :  Reputed  Tin  Find  at  Brookton ;  Giolojry  of  th»' 
Transcoatincutal  Railway  Line  ;  Boring  for  Water  on  the  Tmnscontincntal  Rail- 
way Line  ;  Deep  Boring  at  Moora  in  its  Geological  Relationships  ;  The  (icolotfy 
and  Mineral  and  allied  Resources  of  the  Coastal  Plains  of  the  Soiith-Wfst 
Division  ;  We^tonia  and  Surrounding  District  ;  Yerilla  ;  Golden  Butt*'rrt> 
Mine,  Buttorlly,  near  Kookynie  ;  Niapmi  ;  The  Country  South  of  Xullaginc ; 
Molybdenite  at  Swan  View  ;  Meekatliarra  and  Surrounding  Country  ;  (irn-n- 
bushes ;  The  Country  between  Kalgoorlle  and  Mulline  ;  The  North  End,  Kal- 
goorlie ;  The  G^-ology  of  the  Mount  .lackson  and  Kooiyanobbing  District;*. 
Price,  Is.  1916. 

Annual  Progress  Reymrt  for  the  Year  1915,  containing — 

Building  Stones  of  Western  Australia  :  Limestone  Deposits  near  Denmark  ;  Fnni- 
miniferal  Sand  I)e|K)sit-8  of  Dongara,  with  an  Appendix  on  their  commercial  appU'*"' 
tiou  ;  Limestone  Deposits  of  tlie  (ler.iklton  District  ;  Supplementary  Report  "U 
Liracst<jne  Deposits  at  Yonga  (Marty up)  ;  Yiliiam  Ooldfleld  ;  Kookynie  and  Tanipji  : 
Albany  ;  Reported  occurrence  of  Oil  near  Wonnerup,  with  an  Appendix  on  tin' 
supposed  Petroleum-hearing  Earths  and  Water  ;  Meekatharra  ;  North  End,  Ka'- 
goorllc  ;  Magnesitc  Deposit*  at  Bulong,  North- Kast  Coolgardie  Ooldfleld  :  Geological 
Report  on  the  Canning  River  Dam  site,  No.  2  ;  Occurrence  of  Gold  at  North  Dan- 
dalup  :  Yerilla  District.     Price,  Is.  U^i** 


111. 


III. -BULLETINS. 
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Is.  1889. 
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r.    The  Phillips  River  Blining  District :  by  Torrington  Blatchford.  Assistant  Geologist. 
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n.     Notes  from  the  Departmental  Laboratory  :  by  B.  S.  Simpson,  Mineralogist  and 

Asaayer.     {Out  of  pnnt.)  1908. 

m.    Tlie  Auriferous  Reefs  of  Cue  and  Day  Dawn  :  by  W.  D.  Gampbell,  Assistant  Geolo> 

gist.    Price,  is.     See  Bulletin  XXIX.  1008. 

nn.    Lennonville,  Mount  Magnet,  and  Boogardie,  Murchison  Goldfleld  :  by  C.  G.  Gibson, 

Assistant  Geologist.     Price,  Is.  1908. 

n.    The  Northampton  Mining  District:  by  A.  Gibb  Maltland,  Government  Geologist. 

Price.  Is.  1908. 

X.  Pabeontological  Contributions  to  the  Geology  of  Western  Australia.     I.  Carbon- 

iferous F(j3sUs  from  the  Gascovne  District :  by  K.  Ethcridge,  Jun.     Price,  2b. 
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XI.  The  Coontrv  between  Edludlna  and  Yundamhidera,  North  Coolgardie  Goldfleld : 

bv  A.  Gibb  Maltland,  Government  Geologist.     {Out  of  print,)  1908. 

xn.    MoUine   Ularring.  Mulwarrie,  and  Davy  hurst.  North  Coolgardie   Goldfleld  ;  by  C. 

G.  Gil^son.  Assistant  Geologist.     Price,  2s.  1908. 

xm.    Leonora,  Mount  Margaret  Goldfleld  ;  by  C.  F.  V.  Jackson,  Assistant  Geologist. 

Price    2s.  1904. 

Kiv.    A  Part  of  the  Murchison  Goldfleld :  by  C.  G.  Gibson,  Assistant  Geologist.    {Out  of 

vrinL)  1904, 

XT.    Preliminary  Report  on  the  Pilbara  Goldfleld :  by  A.  Gibb  MaitUnd,  Government 

Geologist.     {Out  of  print.)   ■•*(>r  reprint  see  Bulletin  XL.  1904. 

XVI.  liberal  Production  of  Western  Australia  up  to  1903  :  by  A.  Gibb  Maltland,  Govern- 
ment Geologist,  and  G.  F.  Y.  Jackson,  Assistant  Geologist.     {Out  of  print.) 

1904. 
xvn.    Southern  Cross,  Yilg<im  Groldfleld  ;  by  (■.  G.  (fi,)Son,  Asslst^int  Geologist.    'Price, 

Is.     See  Bulletin  XUX.  1904. 

xthl    Mount  Morgans,  Mount  Margaret  Goldfleld  ;    and  Mulgabtle,  North  Coolgardie 

Goldfleld  ;  by  C.  F.  V.  Jackson  Aasistant  Geologist.     {Out  of  print.)  1906. 

xn.    Minerab  of  Bconomic  Value  :  by  E.  S.  Simpson,  Mineralogist  and   Assayer.     {Out 

of  print.^     See  Bulletin  LXX,  Chapter  iv.  1906. 

XX.  Further  Report  on  the  Pilbara  Goldfleld  :  by  A.  Gibb  Maltland,  Government  Geolo- 
gist. {Out  of  prinL)  For  reprint  see  Bulletin  XL.  1906. 
&L    The  Norseman  District,  Dundas  Goldfleld :  by  W.  D.  Campbell,  Assistant  Geolo^ 

{Out  of  prinL)  1906. 

xxo.    Menxies,  North  Coolgardie  Goldfleld :  by  H.  P.  Woodward,  Assistant  Goveniment 

Geologist.     {Out  of  pnnL)  1908. 

um.    Third  Report  on  the  Pilbara  Goldfleld  :  by  A.  Gibb  Maitland,Qovemment  Geologist. 

{Out  of  print.)      For  reprint  see  Bulletin  XL.  1908. 

xxir.    The  Laverton,  Burtville,  and  Erlistonn  Auriferous  Belt,  Mt.  Margaret  Goldfleld :  by 

C.  G.  Gibson,  Aasistant  Geologist.    Price,  2s.  1900. 

tXT.  Artesian  Water  in  the  KImberley  District :  by  R.  Logan  Jack.  Price,  2s.  1908. 
1X^1.    Uiscellaneoiii^^poTtSi  I. — 1.  Artesian  Water  In  the  Northampton  and  Geraldlne 

Districts  ;  2.  Northward  Extension  of  the  Gascoyne  Artesian  Area  ;  3.     Phoe- 

phatlc  Deposits  near  Dandaran  ;    4.  Meteorite  from  the  Nulen   District ;    6. 

Oocorrence  of  Oil  In  Princess  Royal  Harboor  ;    8.  Greenough  Elver  District ; 

7.  Recent  Advances  in  the  Knowledge  of  the  Geology  of  Western  Australia  ; 

8.  Prevention     of    External   Corrosion  of  GoldfleldsJWater  fSupply   Pipes: 
•          Pile*  2s.  1907. 

^XTiL  Pabeontological  Contributions  to  the  Geology  of  Western  Australia,  II :  by  R., 
Etiieridge,  Jan.,  F.  Chapman,  and  W.  Howcliin.     {Out  of  print.)  1907. 

KX^L  lAwlers,  Sir  Samuel,  Darlot,  Mount  Ida,  and  part  of  Mount  Margaret  Goldfleld  ;  by 
C.  G.  Gibson,  Assistant  Geologist.    Price,  2s.  1907. 

^XIX.  One  and  Day  Dawn  Districts,  Murcblson  Goldfleld  ;  by  H.  P.  Woodward,  Assistant 
Government  Geologist.    In  two  parts.     Price,  3s.  1807. 

^U.  OistribntJan  and  Occurrence  of  the  Baser  Metals  in  Western  Australia  :  by  E.  8. 
Simpson  and  C.  G.  Gibson.     Price,  Is.  1907. 

zxxi  Bonnievale  and  Kunanalling  Districts,  Coolgardie  Goldfleld  and  Black  Range  Dis- 
trict, East  Murchison  Goldfleld  :  by  C.  O.  Gibson,  Assistant  Geologist.     Price 

^  1008.' 
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FBEFATOBT    NOTE. 


The  two  contributions  to  which  the  Geological  Survey  is 
indebted  to  the  authors  have  been  received  since  the  publication 
of  the  last  of  the  palseontological  series  (Bulletin  58)  was  issued 
in   1914. 

The  first  contribution  is  from  the  pen  of  Mr.  Frederick  Chap- 
raan  of  the  National  Museum,  Melbourne,  who  has  been  engaged 
for  a  year  or  two  past  upon  a  study  of  the  Foraminifera  and 
Osimcoda  of  the  Gingin  "  Chalk,'*  and  in  this  report  makes  an 
important  contribution  to  the  palaeontology  of  the  Cretaceous  Kocks 
of  the  State,  as  developed  in  this  locality.  Mr.  Chapman,  who  is 
recognised  as  one  of  the  world's  le£uiing  specialists  on  Foraminifera, 
regards  the  Gingin  beds  as  belonging  rather  to  the  Albian-cum- 
Cenomonian  horizon  or  the  lower  part  of  the  Upper  Cretaceous, 
than  the  Aptian  or  Lower  Cret€u;eous;  a  correlation  which  is  paralleled 
as  the  result  of  his  investigations  into  the  Ostracods  from  Gingin. 

It  is  interesting  to  note  that  in  Bulletin  55,  which  contains  an 
account  by  Mr.  Etheridge  of  some  Cretaceous  fossils  from  Gingin, 
the  close  relationship  between  the  beds  of  India  and  Western  Aus- 
tralia was  pointed  out.  The  Cretaceous  Rocks  of  South  Africa, 
as  pointed  out  by  Mr.  Chapman,  show  a  striking  faunal  resem- 
blance to  those  of  Australia,  and  thus  afford  another  instance  of 
the  intimate  geological  kinship  existing  between  the  countries 
bordering  the  Indian  Ocean — a  resemblance,  as  has  already  been 
pointed  out,  obtaining  in  the  Pre-Ceunbrian,  and  the  Palseozoic 
Kocks  of  these  widely  separated  areas. 

The  second  contribution  by  Mr.  R.  Etheridge  upon  the  occur- 
rence of  Oirvandla  in  the  Cambrian  Rocks  of  Kimberley  makes 
a  further  addition  to  our  scanty  knowledge  of  the  palaeontolo^  of 
this  important  formation. 


Government  Geolooist. 
Geological  Survey  Office, 

Beaufort  Street,  Perth, 
16th  January,  1917. 
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Palaeontological  Contributions 


TO 


The  Geology  of  Western  Australia. 


^L—Mojiograph     of    The    Forcuniiiifera 


AND 


Ostracocla  of  The   Gin  gin    Chalk. 
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Introduction. 

The  highly  fossiliferous  rock  from  One  Tree  Hill,  Gingin» 
^^  estem  Australia,  is  remarkable  for  being  the  only  known  occurrence 
^f  an  Australian  Chalk  so  nearly  equivalent  in  age,  structure, 
*nd  organic  contents  to  the  Chalk  of  Upper  Cretaceous  age  in 
Eiirope  and  North  America. 

Our  knowledge  of  this  Chalk,  up  to  tlie  present,  has  been 
Well  summarised  by  Ludwig  (Mauert,*  formerly  Field  (geologist 
^^  the  Western  Australian  Geological  Survey,  who  gives  a  i)lan  and 
*<*tion  of  the  geology  of  the  district.  The  section  at  One  Tree 
Hill  Quarry  recorded  by  Glauert  is  : — 

Soil  and  subsoil,  averaging  12  inches. 

Band  of  white  limestone  without  fossils,  18  inches. 

Bed  of  Chalk,  richer  in  Alumina  and  Silica  as  it  is  followed 

downwards  ;    at  15  feet  resembling  a  greenish  glaucon- 

itic  clay. 

The  chemical  composition  of  this  Chalk  is  given  by  the  (xovern- 
^'^t  (Geologist  of  Western  Australia,  Mr.  A.  CSibb  Maitland,  in  a 
^^^  to  Mr.  Howchin's  paper  on  the   "  Foraminifera  from  a  Cal- 

*  The  U«olotficAl  A«re  and  Organic  Remaiun  of  the  (rmgiu  "  Oialk."— Bull.  (icul. 
SJarv.,   W.   Au^ialia,   So.  36,  1910,  pp.   115-127. 
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careouB  Mcu'lstone,  Gingin,"*  the  aaalysis  of  which  was  made  by 
E.  S.  Simpson  : — 


Silica  . . 

1509 

Carbonic  Acid 

3302 

Sulphuric  anhydride 

•13 

Lime    . . 

42-41 

Magnesia 

1-32 

Iron  protoxide 

116 

Iron  peroxide 

trace 

Almuina 

315 

Water  (combined)    . . 

118 

Water  (hygroscopic) 

1-99 

99-45 

The  large  fossils  obtained  from  the  Gingin  Chalk  have  been 
already  described  by  R.  Etheridge,  jun.,  whose  paper  **  The 
Cretaceous  Fossils  of  the  Gingin  Chalk  "f  enumerates  a  Sponge, 
a  Coral,  Echinoid  spines.  Worm  tubes,  a  Cirripede,  Brctchiopods, 
Bivalves,  Gasteropoda,  Cephalopods  and  Fish  teeth.  In  comparing 
the  Gingin  Chalk  with  the  Cretaceous  elsewhere,  Mr.  Etheridget 
believes  it  to  be  connected  with  the  Indian  Cretaceous  System, 
which  has  "  been  paralleled  with  the  European  Upper  Cretaceous." 
At  the  same  time  Mr.  Etheridge  points  out  that  the  relationship 
of  the  Western  Australian  fossils  is  rather  with  the  Rolling  Downs 
Formation  than  with  the  Desert  Sandstone,  generally  termed 
**  Upper  Cretaceous." 

In  Mr.  Walter  Howchin's  paper  alreculy  referred  to,§  a  list  of 
the  Foraminifera  from  Gingin,  together  with  comments  on  their 
age  and  distribution,  is  given  ;  in  all  37  species.  These  are  now 
included  together  with  the  results  of  an  examination  of  a  large 
quantity  of  material  which  the  Government  Geologist  of  Western 
Australia  heis  placed  in  my  hands  for  description.  Before  under- 
taking the  investigation  of  this  material  Mr.  Howchin  had  signified 
his  wish  that  I  should  amplify  the  work  on  this  particular  rock,  upon 
which  he  had  already  written.  It  is  only  right  to  state  here  that 
the  sample  with  which  Mr.  Howchin  was  supplied  was  not  nearly 
so  rich  as  that  forming  the  basis  of  the  present  work. 


Notes  on  the  Washings  of  Gingin  Chalk. 

The  finest  material  derived  from  the  washings  consists  largely 
of  the  somewhat  problematic  algae  termed  coccoliths.  These 
bodies,  shaped  something  like  flattened  shirt-studs,  are,  in  the 
fossil   condition,   very   characteristic   of   the  Upper   Cretaceous   in 

•  Bull.  (Jool.  Surv.,  W.  Australia,  No,  27,  1907,  p.  38. 

t  Ibid.,  Xo.  55.  1913,  p.  9. 

j  liOC.  cit.,  p.  24. 

§  Bull.  Geol.  Surv.,  W.  Australia,  No.  27,  1907.  p.  38. 
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Europe,  but  are  not  confined  to  this  horizon.  They  are  also  met 
with  sparingly  in  the  Lias,  as  recorded  by  Rothpletz  and  Schwarz, 
and  more  abundantly  in  the  Tertiary  marls  of  Barbados  :  while, 
in  the  living  condition  they  form  a  large  proportion  of  the  finer  part 
uf  Globigerina  ooze.  The  medium  fine  washings  are  crowded  with 
the  tests  of  Giiembelina  globulosaf  together  with  some  Olobigerinae 
aa  O.  aequiUUeralis  and  Q,  marginata,  and  Anomcdina  ammonoides. 
Other  organic  particles  consist  of  sponge  spicules  and  prismatic 
fragments  of  Inoceramus  shells. 

The  coarser  washings  are  mainly  foraminiferal  tests  and  valves 
of  Ostracoda  with  some  shell- freigments  and  an  occasional  ossicle 
of  AfUetian.  The  abundance  of  the  microzoa  resembles  that  seen 
in  washings  of  the  Chalk-marl  of  Kent. 

Prkvious  Records  of  Cretaceous  Foraminipera  in  other 

Parts  of  Australia. 

Mr.  Walter  Howchin,  F.G.S.,  has  published  a  complete  census 
of  the  Cretaceous  Foraminifera  of  Australia  to  1893,  in  the 
Report  of  the  Adelaide  Meeting  of  the  Australasian  Association 
fcir  the  Advancement  of  Science  (September,  1893).  Fifty-six 
species  are  listed  therein.  Of  these,  twenty  are  common  to  the 
locality  of  Gingin,  viz.  : — 

Sigmoilina  cekUa,  Costa  sp. 

Haphphragmium  aggltUinans,  d'Orb.  sp. 

Placopsilina  cenomana,  d'Orb. 

Ammodisctts  incertust  D*Orb.  sp. 

VemeuUina  \Qtiemhelind]  polystropha,  Reuss.  sp. 

Oaudryina  pupoides,  d'Orb. 

Sodosaria  communis ^  d'Orb. 

Xodosaria  soliUa,  Reuss. 

Va^nidina  legumen,  L.  sp. 

Marginidina  costata,  Batsch  sp. 

Marginulina  glabra,  d'Orb. 

Cristdlaria  actUauricidaris,  F.  and  M.  sp. 

CristeUaria  gibha,  d'Orb. 

Crisiellaria  schloenbachi,  Reuss. 

CristeUaria  rotttlata.  Lam.  sp. 

Polymorphina  angtista,  Egger. 

Polymorphina  lactea,  W.  and  J.  sp. 

Anomalina  ammonoides,  Rss.  sp. 

Truncatulina  lobatula,  W.  and  J.  sp. 

Ptdvintdina  degans,  d'Orb.  sp. 

By  far  the  larger  number  of  the  Cretaceous  species  previously 
known  were  obtained  from  Central  Australia  by  Mr.  Howchin, 
who  described  the  fossils  obtained  by  boring  for  artesian  water 
at  Hergott,  Taricaninna,  Mirrabuckinna,  William  Creek,  and  Wil- 
^''ftnnia'     From  these  artesian  bores  fifty- one  species  were  recorded. 
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Two  new  species  were  described  by  Mr.  Howchin,*  viz.,  Majylo- 
phragmium  australe  and  Patellina  joncsi,  but  these  have  not  3-et 
been  met  with  at  Gingin. 

The  Tarkaninna  bore  passed  through  1,226  feet  of  Cretaceous 
rocks.  Twenty  species  of  foraminifera  were  found  in  this  inaterickl 
by  Mr.  Howchin.     They  are : — 

Hyperammina  vagansj  Brady. 

Reophax  fuMformis,  Will.  sp. 

Haplophragmium  agglutinans,  d'Orb.  sp. 

Haplophragmium  canariense,  d*Orb.  sp. 

Haplophragmium  australe,  Howchin. 

Thurammina  compressa,  Brady 

SigtnoUina  celata,  Costa  sp. 

Bigenerina  digitata,  d'Orb. 

Bigenerina  nodosaria,  d'Orb. 

VemeuUina  [Gnemhelina]  polystropha,  Rss.  sp. 

Gavdryina  pupoides,  d'Orb. 

Gaudryina  scabra,  Brady. 

Gaudryina  siphoneUOf  Rss. 

Vaginulina  legumen,  L.  sp. 

Marginulina  costata^  Batsch  sp. 

MarginuLiria  glabra^  d'Orb. 

Cristellaria  crepidula,  F.  and  M.  sp. 

Criatellaria  gibba,  d'Orb. 

Anomalina  ammonoides,  Rss.  sp. 

PulvintUina  ele^/ans,  d'Orb.  sp. 

At  Hergott  (two  bores)  the  following  species  were  noted  : 

Hyperammina  vagans,  Brady. 

Reophax  ampullacea,  Brady. 

Rcophax  difflugiformisy  Brady. 

Reophax  fusiformis.  Will.  sp. 

Rcopliax  scorpiurus,  Montf.  sp. 

Haplophragmium  agglutinans ,  d'Orb.  sp. 

Haplophragmium  aequale,  Roemer.  sp, 

Haplophragmium  glomcratum,  Brady. 

Haplophragmium  canariense,  d'Orb.  S|). 

Haplophragmium  australe,  Howchin. 

PlncopsUina  cenomarva,  d'Orb. 

Thurammina  compressa,  Brady. 

Ammodiscus  incertus,  d'Orb.  sp. 

Bigenerina  digitata,  d'Orb. 

Bigenerina  nodosaria,  d  Orb. 

VemeuUina  [Guembelina]  polystropha,  Rss.  sp. 

Gaudryina  pupoides,  d'Orb. 

Gaudryifia  siphonella,  Rss. 

Lagena  laeuis,  Mont.  sp. 

Xodoaaria  eommunis,  d'Orb. 

♦  Trans.  R.  Soc,  S.  Austr.,  1S95,  pp.  198  and  20i).  pi.  X. 
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Xodosaria  fardmen,  Soldani. 
Nodosaria  pauperata,  d'Orb. 
Sodosaria  radictdaj  L.  sp. 
Nodosaria  soluta^  Kss. 
Nodosaria  subtertenuata,  Schwager. 
Lingulina  carincUa,  d'Orb. 
Frondicularia  cotnplanata,  Defr. 
Frondicularia  sp. 
Vagimdina  legumen,  L.  sp. 
Vagintdina  linearis,  Mont.  sp. 
Marginulina  costata,  Batsch  sp. 
Margintdina  glabra,  d*Orb. 
CristeUaria  aciUauricularis,  F.  and  M.  sp. 
CristeUaria  cassis,  F.  and  M.  sp. 
CristeUaria  crepidida,  F.  and  M.  sp. 
CristeUaria  gibba,  d'Orb. 
CristeUaria  rotidata.  Lam.  sp. 
CristeUaria  schloenbachi,  Kss. 
Polymorphina  angusta,  Egger. 
Polymorphina  lactea,  W.  and  J,  sp. 
Pobjmorphina  rotundata.  Born. 
SpiriUina  ?  vivipara,  Ehr. 
SpiriUina  tnargaritifera,  Brady. 
PateUina  jonesi,  Howchin. 
Discorhina  vilardeboana,  d'Orb.  sp. 
Anomalina  ammonoides,  Rss.  sp. 
Truncattdina  lobatida,  W.  and  J,  sp. 
Pidvintdina  elegans,  d'Orb.  sp. 
?  Amphistegina  lessonii,  d'Orb. 

From  Mirrabuckinna,  about  20  miles  N.  of  the  head  of    Lake 
Torrens,  the  foraminifera  noted  were  : — 
Reophax  fusiformis.  Will.  sp. 
Reo^phax  scorpiurus,  Montfort. 
Haphphragmium  aggliUinans,  d'Orb.  sp. 
Haplaphragmium  caruiriense,  d'Orb.  sp. 
Sigmo'tlina  celcUa,  Costa  sp. 

From  William  Creek,  about  125  miles  N.W.  of  Hergott  were 
found : — 

Haplophragmium  canariense,  d'Orb.  sp. 

Gaitdryina  siphoneUa,  Rss. 

Vaginidina  legumen,  L.  sp. 

Marginidina  glabra,  d'Orb. 

CristeUaria  gibba,  d'Orb. 
From  the  Wilcannia  Bore  : — 

Bigenerina  nodosaria,  d'Orb. 
From  the  Rolling  Downs  Formation,  of  Wollumbilla,  Queens- 
^d,  Chas.   Moore  noted   ♦  nine  species  of  foraminifera,   four    oj 


•  Aostmlt'in    yLeAoioic    Geology   and    Palflpontology.     Quart.    Jouni.    Geol.    Hoc., 
Vol,  XXVI.,  1870,  pp.  239  and  242. 
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to  the  Cretacooua  of  Central  Australia.     Iwoore's 
B  aa  follows  : — - 

Nodosaria  communis,  d'Orb. 

Vagimdina  elTiala,  d'Orb. 

Grislellaria  aculauricidaTia,  F.  and  M.  ap, 

Criatdlaria  acutaurictdaria  var.  longicoatata,  Moore  {probably 

C.  coatata,  F.  and  M.  sp.). 
CnsteUaTia  cultrata,  var,  radiata,  Moore  (probably  C.  subeilata, 

Raa.). 
Polymorphina  lactea,  W.  and  J.  sp. 
Polymorphina  gibba,  d'Orb. 
Truncatulina  Ichattda,  W.  and  J.  sp, 
Truncattdina  uTigeriana,  d'Orb.  ep. 


Remarks  < 


:    FORAMINIFEBAL    FaUNA    OF    GiNOIN". 


The  most  striking  generic  components  of  this  foraminiferal 
una  are  Nodoaaria,  Frondicuiaria,  and  CriaUiiaria.  They  are 
e  most  abundant  tyjies,  and,  judging  from  recent  soundings  in 
lich  they  occur,  indicate  a  moderately  deep  sea  with  warm  tem- 
rate  conditions.  Pelagic  forms  like  Globigerina  and  Sp)ujeroidina 
d  the  thin-shelled  Pulvintdinae  are  not  bo  strongly  represented 
at  they  point  to  the  existence  at  that  time  and  place  of  an  ojien 
ean,  but  rather  lead  one  to  assume  that  the  Cretaceous  seas 
the  Australian  area  where  these  dejKisits  were  laid  down,  were 
the  nature  of  deep  gulfs  running  into  the  continent. 

The  species  and  varieties  of  foraminitera  from  Gingin  here 
jorded  total  134.     They  are  generically  comprised  as  follows: — 


spp. 


SpinAocidina 

Nodoaaria    . . 

MUiolina    .. 

Frondicuiaria 

MasaUina   . . 

Marginulina 

Ha  plophragmiu  m 

GrialcUaria  .  . 

FlabeUina    .. 

Haploatiche 

Polymorphina 

Ammodiacus 

Sagraina 

Textuiaria  .  . 

VfmeuUina 

BigetKrina 

Globigerina 

Spiroplecia 

Sphaeroidina 

Owmbfiina 

Diaeorbina  .. 

Oaudryina  .  . 

Truncatulina 

Clavulina    .  . 

Anomalina  . . 

Bulimitta    .  . 
BolMna       .  . 

Pulvinulina 
Rotalia 

Lagena 

Nonionina   .  . 

app. 
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Of  the  total  number  in  this  fauna,  about  59  species  a.  ^tricted 
to  the  Cretaceous  in  other  parts,  chiefly  in  Europe.  As  to  the 
question  of  the  particular  horizon  in  the  Cretaceous  system  which 
these  foraminifera  denote,  it  may  be  pointed  out  that  a  fairly  large 
number  of  the  species  have  never  been  recorded  elsewhere  except 
from  the  Gault  ( Albian  or  lower  part  of  the  Upper  Cretaceous) ;  whilst 
some,  like  Guembelina  globtdosa,  are  Senonian  in  aspect.  On  the 
whole,  however,  the  fauna  is  decidedly  of  Albian  cum  Cenomanian 
relationship,  and  not  Aptian  or  Lower  Cretaceous. 


THE   FORAMINIFERA. 
Fam.  MILIOLIDiE. 

SUB-PAM.    MlLIOLTNTIN^. 

Genus  SpmoLOCuiiiNA,  (TOrhigny. 
Spiroloculina  (?)  grata,  Terquem. 
Spiroloculina  (?)  grata,  Terq.  Howchin,  1907,*  p.  39. 

This  species,  recorded  with  reservation  by  Mr.  Howchin, 
was  represented  by  a  fragment  only.  I  have  not  met  with  it  during 
the  present  examination  of  tho  material. 

Spiroloculina  asperula,  Karrer, 
(Plate  I.,  fig.   1.) 
Spiroloculina  asperula,  Karrer,  1868,  p.  136,  pi.  I.,  fig.  10.     Chap- 
man, 1891,  p.  573,  pi.  IX.,  fig.  4.     Howchin,  1907,  p.  39. 
Sev^eral  examples  occur  in  these  washings,  some  exactly  match- 
ing the  Gault  specimens  found  by  the  author  at  Folkestone.     It 
is  also  a  Miocene  and  living  species.     Howchin  notes  it  as  a  common 
form  in  the  Gingin  Chalk. 

Genus  Miliolina,  Williamson. 
Miliolina  oblonga,  Montagu ,  sp, 
Miltolina  oblonga,  Mont.  sp.  Howchin,  1907,  p.  39. 

This  species  was  recorded  as  rcure  in  the  Gingin  Chalk  by  Mr. 
Howchin.     It  was  not  met  with  in  the  present  sample  of  washings. 

Miliolina  venusta,  Karrer  sp, 
(Plate  I.,  fig.  2,  pi.  XII.,  fig.  112.) 
Quinqtteloculina  venusta,  Karrer,   1868,  p.   147,  pi.  II.,  fig.   6. 
Miliolina  venusta,  Karrer  sp.  Chapman,   1891,    p.    573,    pi.    IX., 

figs.  6a,  h  (non  6).     Idem,  1899,  p.  50. 
This  species  was  common  in  the  upper  zones  of  the  Gault 
at  Folkestone  ;  and  in  the  Cambridge  Greensand,  a  derivative  bed 
equivalent  to  the  Gault.     It  is  also  an  Eocene  and  Miocene  fossil, 
and  occurs  in  recent  soundings  in  deep  water. 

Several  specimens  were  found  in  the  Gingin  Chalk  exactly 
rraenibliiig  those  from  the  English  Gault. 

•  For  full  references  tee  bibliography  at  Pod. 


16 

Genus  Massilixa,  Schlumbergen 
Mctssilina  ginginensis,  sp.  nov,, 
(Plate  I.,  fig.  3.) 
(?)  Miliolina  vervustOf  Karrer  sp.  Chapman,  1891,  p.  573,  pi.   IX., 

fig.  6. 
Description, — Test  brocwily  ovate,  depressed,  with  a  prominent 
central  quinqueloculine  series  of  chambers  surrounded  by  planulate 
and  crescentic  biserial  chambers.  Length,  •  757mm.  ;  width,  •6nini. 
Observations. — This  foraminifer  is  probably  the  same  as  tliat 
figured  as  a  broad  variety  of  M,  venusta  by  the  writer,  from  the 
Gault  of  Folkestone.  It  is  a  more  compact  shell,  with  thicker 
periphery,  than  M.  secans. 

Fam.  ASTRORHIZIDiE. 

SUB-FAM.    RhABDAMMININ^. 

Gentjs  Rhizammina,  Brady. 
Rhizammina  indivisa,  Brady, 
(Plate  I.,  fig.  4.) 
Rhizammina  indivisa,  Brady,   1884,  p.   277,  pi.  XXIX,  figs.    5-7. 
Chapman,  1898,  pi.  11,  p.  II.,  fig.  4.     Egger,  1899,  p.  15,  pi.  II., 
figs.   17-19. 
The  writer  has  previously  foimd  this  species  in  the  Gaiilt  of 
Folkestone  and  the  Chalk-marl  of  Charing,  both  in  Kent,  England  ; 
whilst  Egger  recorded  it  from  the  Chalk-marl  of  Bavaria.     It  occurs 
living  in  seas  of  moderate  depth. 
One  specimen. 

Fam.  LITUOLIDiE. 

Sub-fam.  Lituolin.-e. 
Genus  Haplophraomium,  Reuss. 
Hajilophragmium  agglutinans,  d'Orhigny  sp, 

(Plate  II.,  fig.  10.) 
Spirolina  aggluiinans,  d'Orbigny,  1846,.  p.  137,  pi.  VII.,  figs.  10-12. 
Haplophragmium  agglutinans,  d'Orb.  sp..  Chapman,  1892,  p.  324, 
1)1.  v.,  fig.  14.  Egger,  1899,  p.  138,  pi.  I.,  figs.  38-41,  47,  48. 
This  species  is  as  old  as  the  Carboniferous,  and  ranges  upwards 
through  the  Lias,  the  Ui)per  Cretaceous  (Gault),  and  Miocene 
deposits  to  the  present  day. 

The  Gingin  specimens  closely  resemble  the  small  varietal 
form  with  high  chambers  found  in  the  Folkestone  Gault  by  the 
\^Titer.  The  specimens  figured  by  Egger  from  the  Chalk- marl  of 
the  Upper  Bavarian  Alps  are  also  closely  comparable  to  the  present 
one. 

(iENUs  Placopsilina,  d'Orbigjiy. 
Placoi)silina  vesiciilaris,  Brady, 
Placopsilina  rcsicularis,  Brady,  Howchin,   1907,  p.   39. 

This  species  was  noted  by  Mr.  Howchin  from  the  Gingin  Chalk, 
and  he  also  remarked  its  occurrence  in  the  Gault  and  in  the  living 
condition. 
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Placopsilina  cenomana,  cTOrbigny, 
(Plate  I.,  fig.  5.) 

P''!>-'jpi^iiina  ccnomana,  d'Orbigny,  Reuss,  1854,  p.  71,  pi.  XXVIII., 

figs.  4,  5.     Chapman,   1892,  p.  324,  pi.  VI.,  fig.  4. 
Ltuolq  cfnomana,  d'Orb.  sp.,  Perner,  1892.  p.  52,  pi.  II.,  figs.  1-6  ; 

pL  IV.,  fig.   lo.     Egger,  1899,  p.   136,  pi.  III.,  figs.  21,  22. 
I'lntpsUifui  cfnomana,  d'Orb.,  Chapman,  1899,  p.  53. 

This  well-known  Cretaceous  fossil  has  been  recorded  from  the 
F>  Ikr&tone  Gault  and  from  the  Bavarian  Chalk-marl,'  as  well  as 
'""m  .Jurassic  beds.  Perner  obtained  it  from  the  Cenomanian  of 
ii'hfmia.     It  is  a  shallow  water  form  in  recent  deposits. 

The  figured  specimen  is  typical  of  the  8i)ecies,  and  is  one  of 
■^veral  found  in  the  Gingin  Chalk. 


Genus  Haplostiche,  Reuss, 
Haplostiche  soldanii,  Jones  and  Parker  sp, 
(Plate  I.,  fig.  6.) 

litmla  soldanii,  Jones  and  Parker.  1860,  p.  307,  No.  184. 
fhplostiche  soldanii,  J.  and  P.  sp.,  Brady,  1884,  p.  318,  pi.  XXXII., 

H^.  12-18.     Egger,  1899,  p.  18,  pi.  III.,  figs.  12,  13  ;   pi.  XXII., 

figs.  29.  30. 

As  a  Tertiary  fossil  this  species  is  well  distributed,  but  until 
I"-^'t:Hr's  discovery  of  it  in  the  Chalk-marl  of  the  Upper  Bavarian 
-^'l-s,  the  records  did  not  date  earlier  than  the  Miocene. 

In  its  short,  subglobular  habit  the  present  specimen  approa,cheH 
H.  ^trrhomi  of  the  English  Gault.*  In  the  living  state  it  is  usually 
'^'tlK^d  from  moderate  depths  in  low  latitudes. 


SUB-FAM.   TrOCHAMMININ.^. 

Genus  Ammodiscus,  Reuss, 

Ammodiscus  incertus,  d'Orbigny  sp. 

(Plate  I.,  fig.  7.) 

^>pircidina  incerta,  d'Orbigny,   1839,  p.  71,  pi.  VI.,  figs.   16,  17. 
■Ammodiscus  incertus,  d'Orb.sp.,  Brady,  1884,  p.  330,  pi.  XXXVIII., 

figs.  1-3. 
^omuspira  foliacea,  Philippi  sp.  Chapman,   1891,  p.  575,  pi.   IX., 

figs.  13a,  h. 
This  species  has  a  wide  distribution  as  a  living  form.  In  the 
ifpv*il  condition  it  dates  from  the  Silurian  epoch.  The  a[)parently 
{'on-ellanoous  Comuspiroe  of  the  Folkestone  (lault  were  found  to  be 
•arenaceous,  and  hence  the  correction  as  given  above.  Very  rare 
'^i  the  i)resent  sample. 


•  Chapman,  Journ.  Roy.  Mlcr.  Soc.,  Lend.,  1892,  p.  325,  pi.  VI.,  flgs.  6-8. 
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Ainmodiscus  gaultinus,  Berthelin, 
(Plate  I.,  fig.  8.) 
Ammodiscus  gaidtinus,  Berthelin,   1880,  p.    19,  pi.  I.,  figs.    3a,    b. 
Egger,  1899,  p.   16,  pi.  I.,  figs.   1,  3,  8,  9,  30,  31. 
This  species  was  originally  described  by  Berthelin    from    the 
Albian  Gault  clays  of  Montcley,  France,  and  has  since  been  recorded 
from  the  Chalk-marl  of  the  Upper  Bavarian  Alps  by  Dr.    Egger. 
Probably    the    form    described    under    Ophthalmidium   tumidttluniy 
from  the  Folkestone  Gault,  by  the  writer,  sliould  be  referred  to  the 
above  species. 

Only  one  specimen  found. 


Fam.  TEXTULARIIDiE 

• 

Sub- FAM.  Textulariin^. 

ChcNus  Textularia,  Def ranee. 

Textularia  tiuris,  (TOrhigny, 

(Plate  I.,  fig.  9.) 
Textularia  turria,  d'Orbigny,  1840,  p.  46,  pi.  IV.,  figs.  27,  28.      Brady, 
1884,  p.   366,  pi.  XLIV.,  figs.   4,  5.     Chapman,   1892,   p.    328, 
pi.  VI.,  fig.  19.     Egger,  1899,  p.  29,  pi.  XIV.,  fig.  29. 
A  typical  Cretaceous  species,  occiuring  in  both  the  lower  and 
the  upper  divisions  of  that  series  in  Europe. 

This  species  wa«  recorded  by  Mr.  Howchin  as  rare  in  the  Oingin 
Chalk.  In  the  present  sample  several  fine  specimens  were  found, 
some  of  large  size. 


Textularia  trochus,  (TOrhigny. 
Textularia  trochus,  d'Orbigny,  Howchin,  1907,  p.  40. 

Mr.  Howchin  found  several  examples  of  this  form,  including 
one  fine  specimen.     None  occurred  in  my  sample. 


Textularia  gibbosa,  d'Orbigny, 
(Plate  II.,  ^^,   11.) 
Textularia  gibbosa,  d'Orb.,  Chapman,  1907,  p.  25,  pi.  III.,  fig.  54. 

Howchin,  1907,  p.  40. 
Mr.  Howchin  remarks  on  the  species  as  follows  : — 

"  Numerous  examples  referable  to  this  type  occur  and  show 
much  variation  as  to  size,  some  being  small  and  stunted,  others 
longer  and  tapering.  The  last  two  chambers,  in  all  cases,  are 
larger  and  more  inflated  than  the  others.  In  a  few  instances  the 
aboral  extremity   is   acuminate." 

Several  examples  were  foimd  by  the  writer,  all  of  which  were 
small. 

T,  gibbosa  is  usually  a  Tertiary  fossil,  but  has  also  been  re- 
corded from  the  Carboniferous  of  England,  Scotland,  Belgium, 
and  Russia.  It  occurs  in  the  living  condition  in  the  Mediterranean 
and  elsewhere. 
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Textularia  gramen,  d^Orhigny. 
(Plate  II.,  fig.  12.) 
T'ltularia  grametij   d'Orbigny,    1846,   p'    248,   pi.   XV.,   figs.    4-u. 
Chapman,   1892,  p.  328,  pi.   VI.,    figs.    17a,   b.      Egger    1899, 

p.    25,  pi.  II.,  figs.  27,  28. 
T,  gratnen  is  a  well-known  fossil  in  the  Gault  and  Chalk-marl 
d^^jwits  of  Europe,  and  its  range  extends  through  the  Tertiaries 
t<'  recent  soundings. 
One  specimen  foiuid. 

Gkntjs  Verneuilina,  (TOrbigny. 
Verneuilina  spinulosa,  Reuss. 
yfrnfuilina  spinidosa,  Reuss,  Howchin,  1907,  p.  40. 

Howchin  records  one  example  from  the  Gingin  Chalk.  It 
dpfkears  to  be  absent  from  my  sample. 

Genus  Bigenerina,  (TOrbigny. 

Bigenerina  compressiuscula,  sp,  nov. 
(Plate  II.,  figs.   13,  14.) 

Description. — ^Test  elongate-ovate,  compressed.  Chambers  at 
ihanX  end  irr^ularly  textularian  with  the  extremity  sometimes 
a^mninate,  afterwards  uniserial,  short  and  wide.  Aperture  pro- 
^^nged,  tubular.  Texture  moderately  coarsely  arenaceous,  but 
*ith  smooth  surface. 

Length. — 2-1  nmi.  ;  greatest  width,   -074  mm. 

Observations. — ^This  species  reminds  one  of  Spiroplecta 
l^'ulonga,  Reuss  sp.,  but  that  the  later  segments  are  uniserial  ; 
^•it-  examples  found  being  fairly  constant  in  this  last  respect. 

Bigenerina  arenacea,  Bagg,*  is  related  to  this  form,  but  has  a 
»>rtwier  shell  and  is  less  flattened  in  contour  ;  whilst  its  biserial 
'*'>nimeneement  is  more  regular  than  in  ours. 

Common  in  the  sample  from  Gingin. 

Genus  Spiroplecta,  Ehrenberg. 
Spiroplecta  sagittula,  Defrance  sp. 
(Plate  II.,  fig.  15.) 
T^^xtularia  sagittula,  Defr.,  Chapman,  1892,  p.  328,  pi.  VI.,  fig,  16. 
Egger,  1899,  p.  26,  pi.  XIV.,  figs.  44,  45.     Howchin,  1907,  p.  40. 
spiroplecta  sagittula,   Defr.   sp.,   Chapman,    1907,   p.    27,   pi.   III., 

figs.  58,  59. 
Mr.  Howchin  records  some  small  but  well-formed  specimens 
^"^m  the  (iingin  Chalk. 

The  figured  specimen  represents  the  only  example  found  in  the 
^■aterial  submitted,  and  is  shorter  and  broader  than  the  living 
I'^mia.  The  specimen  figured  from  the  Gault  is  more  acute  aborally, 
**  «  also  the  Bavarian  Chalk-marl  specimen  figured  by  Egger. 

*  >•«•  Proc.  l'.S.  Nat.  Mas.,  vol.  34,  190H,  p.  1.32,  pi.  V.,  flf?.  46.       CuBhman, 
Ball.  71,  U.d.  Nat.  Ma^.,  1911,  p.  29,  Text  Hr.  50a,  b. 
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Spiroplecta  ancei>s,  Reuss  sp. 
(Plate  II.,  fig.   16  ;    pi.  XII.,  fig.   114.) 
Textnlaria  anceps,  Reuss,   184.5-6,  pt.  1.,  p.  39,  pL  VJII.,  fig.   79  ; 

pi.  XIII.,  fig.  2. 
Spiroplecta  anceps^  Reuss  sp.,   Chapman,    1892*.    }).    751,    pi.  XI., 

fig.  6. 
Textidaria  ancepSf  Reuss,  Egger,  1899,  p.  25,  pi.  XXIV.,  figs.  35,  36. 
This  species  resembles  S.  carinata,  d'Orb.  sp.   but  has  a  shorter 
and  broader  test  with  fewer  chambers. 

It  is  of  frequent  occurrence  in  the  present  sample,  and  closely 
resembles  the  English  Gault  specimens.  Egger's  shells  from  the 
Bavarian  Chalk-marl  are  more  attenuated  in  outline. 

Spiroplecta  praelonga,  Reuss.  sp. 
(Plate  XII.,  fig.   113.) 
Textidaria  praelonga,  Reuss,  1845-6,  pt.  I.,  p.  39,  pi.  XIT.,  fig.   14. 
Spiroplecta  prwlonga,  Rss.  sp.,  Chapman,  1892^,  p.  3,  pi.  XI.,  fig.   5. 
Textidaria  pfcelonga,  Rss.,  Chapman,  1894^  p.  698. 

The  figured  specimen  from  the  present  series  is  a  short  form 
of  the  above  species  which  has  been  previously  noted  from  the 
Lower  Greensand  (Aptian)  of  Siurey,  the  Gault  of  Folkestone, 
the  Red  Chalk  of  East  Anglia  and  the  Planermergel  of  Bohemia. 

One  example  from  the  Gingin  Chalk. 

Gekus  Guembelina,  Egger, 

Guembelina  globulosa,  Ehrenberg  sp, 

(Plate  II.,  fig.   17.) 

Textularia    globulosay    Ehrenberg,    1838,    p.   135,    pi.    IV.,    fig.  H.. 

frequens. 
Textidaria  globulosa,  Ehrenb.,  Reuss,  1845-6,  pt.  I.,  p.  39,  [)1.  Xir.» 

fig.  23. 
Ouembelina  globulosa,  Ehr.  sp.,  Egger,  1899,  p.  32,  pi.  XIV.,  fig.  43. 
Textularia  globulosa,  Ehr.,  Howchin,   1907,  p.  40. 

This  and  the  two  succeeding  species  have  been  placed  in  the 
genus  Guembelina  by  Egger  on  account  of  the  distinctive  buliniine 
commencing  series  of  chambers  which  afterwards  takes  on  the 
biserial  toxtularian  character. 

Mr.    Howchin   records   this   species   as   rara   from   the   Gingin 
Chalk.     It  is  fairly  abundant  in  the  finer  siftings  of  my  samples. 
A  very  characteristic  species  of  the  Ui)per  Chalk  of  Europe? 
and  America. 

(iuembelina  globifera,  Reuss,  sp. 
(Plate  II.,  fig.   18.) 
Textularia  globifera,  Reuss,  1860,  p.  232,  pi.  XIII.,  figs,  la,  b,  8. 
Ouemhelinn  globifera,  Reuss  sp.,  Egger,   1899,  p.  33,  pi.  XIV.,  fig-^- 

35,  36,  53-55. 
This  species  is  rare  in  the  present  sample.     It  occurred  pr**- 
viously  in  the  Chalk-marl  of  Westi)halia  and  the  Upper  Bavaria" 
Alps. 
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Guembelina  polystropha,  Reuss  sp. 
(Plate  II.,  fig.   19.) 
Bidimina  polystropha,  Reuss,   1845-6,  pt.  II.,  p.   109,  pi.  XXIV., 

fig.  53. 
Otp'mbdina  polystropha,  Keiiss  sp.,  Egger,   1899,  p.   34,  pi.  XIV., 

figs.  31-34,  40. 
Vimctiilina  polystropha,  Rss.  sp.,  Howchin,   1907,  p.  40. 

Mr.  Howchin  records  this  species  as  occurring  in  considerable 
numbers.  It  does  not  appear  to  be  common  in  the  present  sample. 
It  is  distinguished  from  the  two  preceding  species  by  the  much 
longer  test  and  strongly  twisted  aboral  extremity.  The  figured 
s{jecimen  is  an   elongate  variety. 

A  common  Chalk-marl  species.  The  recent  specimens  assigned 
to  this  form  seem  to  belong  to  a  distinct  species. 

Genus  Gatjdryina,  cTOrbigny. 
Gaudryina  pupoides,  cTOrbigny. 
(Plate  II.,  fig.  20.) 
^inudryina  pupoides,  d'Orbigny,   1840,  p.   44,  pi.  IV.,  figs.   22-24. 
Chapman,  1892«,  p.  752,  pi.  XI.,  figs.  8a,  6.    Idem,  1899,  p.  59, 
Egger,  1899,  p.  37,  pi.  IV.,  figs.   19,  20. 

This  famiUar  Gault  and  Chalk-marl  species  is  fairly  frequent  in 
the  present  sample.  The  recent  specimens  usually  assigned  to  Q. 
pupoides  have  been  lately  renamed  by  J.  Cushman*  on  account 
'»t  the  more  tapering  and  ab orally  pointed  test  of  the  recent  form. 

Gaudryina  rugosa,  cTOrhigny. 
(Plate  II.,  fig.  21.) 
^^udryina  rugosa,   d'Orbigny,    1840,   p.   44,   pi.   IV.,   figs.    20,    21. 
Reufis,  1845-6,  pt.  I.,  p.  38,  pi.  XII.,  figs.  15,  24.     Egger,  1899. 
p.  37,  pi.  IV.,  figs.  14,  15. 

This  species  is  typically  Cretaceous,  but  also  ranges  through 
^"^  Tertiary  and  later  formed  deposits.  The  Cretaceous  form 
dually  has  a  smaller  triserial  commencement  than  in  living 
^'xamples. 

Very  common  in  the  present  washings  from  Gingin. 

Clavulina  communis,  d'Orbigny, 
(Plate  II.,  fig.  22.) 
^'^vulina  communis,  d'Orbigny,  1826,  p.  268.     Idem,  1846,  p.  196, 
pl.  XII.,  figs.  1,  2.     Cushman,  1911,  p.  73,  text-figs.  115-117. 
This  species  has  hitherto  been  noted  only  from  Tertiary  and 
f^t-ent  deposits,  commencing  its  history  in  the  Eocene  of  the  South 
'*^  France  and  the  London  Basin. 

Its  advent   in   Cretaceous  times   in   Australia  is  particularly 
"iteresting. 

Two  typical  specimens  occur  in  the  present  sample  from  Gingin. 

*  0.  brad\fi,  Cushman,  Mon.  Foram.,  N.  Pacific  Ocean.— Bull.  71,  U.S.  Nat.  Mus., 
1911,  p.  67,  text.  n«.  107,  a-c. 
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SuB-FAM.  Buliminin^t:. 

Genus  Bulimina,  (TOrbigny. 

Bulimina  variabilis,  (TOrbigny. 
(Plate  XII.;  fig.  115.) 
Bvlimina  variabilis,  d'Orbigny,    1840,   p.    40,   pi.   IV.,   figs.    9—12. 
Reuse,  1845-6,  pt.  I.,  p.  37,  pi.  VIII.,  figs.  56,  76,  77.     Eley, 
1859,  p.   198,  pi.  v.,  fig.  29. 

This  is  a  familiar  Chalk  fossil.  It  has  been  recorded  from  the 
Chalk-marl  and  Cenomanian  of  Bohemia  and  the  Chalk  of  France 
and  England. 

One  specimen  from  Gingin. 

Genus  Bolivina,  d'Orbigny, 

Bolivina  obsoleta,  Eley  sp, 

(Plate  XII.,  fig.   116.) 

Texttdaria  obsoleta,  Eley,   1859,  p.   195,  pi.  II.,  fig.    11  ;      p.    202, 

pi.  VIII.,  fig.   lie. 
T,  quadrilatera,  Schwager,  1866,  p.  253,  pi.  VII.,  fig.  103.     Brady, 

1884,  p.  358,  pi.  XLII.,  figs.  8-12. 
The  Cretaceous  specimens  have  a  narrower  habit  of  groi^iih 
than  the  Pliocene  or  recent  ;     otherwise  there  is  no  difference  be- 
tween them.     Eley's  specimens  came  from  the  English  Chalk. 
Common  in  the  fine  washings  of  Gingin. 


Fam.  LAGENIDiE. 

SUB-FAM.    LaGENIN^E. 

Genus  Lagena,  Walker  and  Boys. 

Lagena  globosa,  Montagu  sp. 
(Plate  III.,  fig.  23.) 
Lagena  globosa,  Montagu  sp.,  Brady,  1884,  p.  45,  pi.  LVI.,  figs.  1-3. 
Chapman,    1893,  p.   579,  pi.   VIII.,   figs,    la,  b      Egger,    1899, 
p.  102,  pi.  v.,  fig.  3.     Howchin,  1907,  p.  40  {L.  globidosa). 
The  range  of  typical  forms  of  this  species  extends  from  the 
Lias  to  recent. 

This  species  is  recorded  by  Howchin  as  rare.     In  the  present 
sample  it  occurs  with  some  frequency. 

Lagena  apiculata,  Reitss    sp. 
(Plate  III.,  fig.   24.) 
Oolina   apiculata,   Reuss,    1851,    p.    22,   pi.    I.,   fig.    I. 
Lagena  api^mlata,  Reuss  sp.,  Biurows,  Sherborn  and  Bailey,  1890, 

p.  555,  pi.  IX.,  figs,  6,  7,  9-11.     Chapman,  1893,  p.  581,  pL 

VIII.,  figs.  2a,  6,  3a,  6.     Egger,  1899,  p.  103,  pi.  V.,  fig.  32. 

L,  apiculata  is  a  very  characteristic  species  in  Cretaceous 
deposits  in  Europe  ;  it  also  occurs  sporadically  throughout  the 
Tertiaries,  and  is  still  found  living. 

Three  typical  specimens  occurred  in  the  Gingin  Chalk. 
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Lagena  aspera,  Eeuss, 
(Plate  III.,  fig.  25.) 
l:'j*na  aspera^  Reuss,  1861,  p.  305,  pi.  I.,  fig.  5.     Chapman,  1893, 
p.  582,  pi.  VIII.,  fig.  8.     Egger,  1899,  p.  106,  pi.  V.,  fig.  10. 
This  species  he«  an  extensive  range,  from  the  Lias  to  recent. 
T'.^  sjiecimen  here  figured  has  the  usual  roughened  or   papillate 
^^T!a4:e,  whilst  the  form  of  the  test  is  subglohose  and  slightly  flat- 

Only  one  specimen  was  foimd  in  the  Oingin  Chalk. 

Lagena  hispida,  Eeuss, 
lyH^na  hispida,  Reuss,  Howchin,  1907,  p.  40. 

Mr.  Howchin  records  a  specimen  of  this  form  having  a  "Test 
lobular  and  hispid,  without  long  neck." 

This  species  did  not  occur  in  the  present  sample. 

SUB-FAM   NODOSARIINiE. 

CiENUS  NoDOSARiA,  Lamarck, 
SuB-GENXTS  Dentalina,  (TOrbigny. 
Nodosaria  (Dentalina)  pauperata,  (TOrbigny. 
(Plate  III.,  fig.  26.) 
IfnUalina  pauperata,  d'Orbigny,   1846,  p.   46,   pi.  I.,  figs.   57,   58. 

Bomemann,  1855,  vol.  VII.,  p.  324,  pi.  XIII.,  fig.  7. 
y^jd^jmria  (D.)  pauperata,  d'Orb.,  Chapman,  1893,  p.  588,  pi.  VIII. 
fig.  32.     Egger,  1899,  p.  60,  pi.  VI.,  fig.  20. 
This  species  ranges  from  the  Lias  to  recent  soundings.     It  is 
'f  frequent  occurrence  in  the  Chalk  awid  Gault.     Very  rare  in  the 
pr^^nt  series. 

Nodosaria  (D.)  distincta,  Reuss. 
(Plate  III.,  fig.  27.) 
^ntalina  distincta,  Reuss,  1860,  p.  184,  pi.  II.,  fig.  5. 

Previously  described  from  the  Chalk  of  Westphalia.  Tlie 
V'^'iei  resembles  a  short,  irregularly  chambered  form  of  N.  (D.) 
■•"^ciiiKn,  Soldani. 

Several  specimens  occur  in  the  Gingin  Chalk. 

Nodosaria  (D.)  soluta,  Reuss, 
(Plate  III.,  fig.  28.) 
^^ntalim  soluta,  Reuss,  1851,  p.  60,  pi.  III.,  figs.  4a,  b 
^'idtmria  (D.)  soluta,  Reuss,  Chapman,   1893,  p.   587,  pi.  VIII., 

fig.  26. 
'Wowria  soliUa,  Bomemann,  Egger,  1899,  p.  59,  pi.  VI.,  fig.  23  ; 

pi.  VII.,  fig.  3. 
•^-  9oluta,  Rss.,  Howchin,  1907,  p.  41. 

This  species  ranges  from  the  Cretaceous  to  recent.     The  Chalk 
*}'^iinens  as  a  rule  have  the  chambers  more  closely  conjoined. 
Mr.  Howchin  records  this  species  from  Gingin. 
It  is  quite  a  common  form  in  the  present  sample. 
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Nodosaria  (D.)  soluta,  var.  discrepans,  Reuss, 

(Plate  III.,  fig.   29.) 
Dentalina  discrepant,  Reuss,  1860,  p.  184,  pi.  III.,  fig.  7. 
Nodosaria  {D.)  discrcpans,  Reuss,  Chapman,  1893,  p.  587,  pi.  VIII., 

fig.  27. 
Nodosaria  discrcpans,  Rss.,  Egger,  1899,  p.  69,  pi.  VII.,  fig.  19. 

This  variety  appears  to  be  confined  to  the  Cretaceous,  liaviiig 
occurred  in  the  Gault  of  Folkestone,  and  the  Chalk  of  Westphalia 
and  the  Bavarian  Alps. 

A  few  examples  from  the  Gingin  Chalk. 

Nodosaria  (D.)  annulata,  Reuss. 

(Plate  III.,  figs.  30,  31.) 
Nodosaria  anntdata,  Reuss,    1844,  p.   210.     Idem,   1845-6,  pt.  I., 

p.  27,  pi.  VIII.,  figs.  4  and  67  ;    pi.  XIII.,  fig.  21. 
Dentalina  annulata,  Reuss,   1851,  p.   26,  pi.  I.,  fig.   13. 
Nodosaria  annulata,  Reuss,  Egger,  1899,  p.  63.,  pi.  VTI.,  figs.  9-11. 

This  species  is  })erhai)8  the  most  abundant  of  the  Nodosaria^ 
in  the  Gingin  Chalk.  It  is  as  variable  as  it  is  common.  The  earlier 
chambers  are  closely  cateniferous,  and  towards  the  end  of  the 
series  become  more  separate  and  inflated  as  in  N.  (D.)  soluta.  The 
short,  inflated  varieties  resemble  Nodosaria  limbata,  d'Orbigny, 
'  from  the  Chalk  of  the  Paris  Basin  and  elsewhere, 

i  N.  (D.)  annulata  is  typically  Cretaceous  but  has  also  occurred 

in  the  Tortiaries  of  Italy. 

Nodosaria  (D.)  communis,  d^Orhi^ny, 

(Plate  III.,  fig.  32.) 
Dentalina  communis,  d'Orbigny,   1840,  p.    13,  pi.  I.,  fig.   4. 
Nodosaria   (D.)   communis,   d'Orb.,   Reuss,    1845-6,   pt.   I.,    p.    28., 

pi.  XII.,  fig.  21.     Chajnnan,  1893,  p.  590,  pi.  IX.,  fig.   1. 
Nodosaria  communis,  d'Orb.,  Egger,  1899,  p.  65,  pi.  VI.,  fig.  4. 
This  species  has  a  wide  geological  range  and  is  always  fairly 
common  in  Cretaceous  deposits. 

Several  typical  specimens  occur  in  the  Gingin  Chalk. 

Nodosaria    (D.)    consobrina,    d'Orbigni/,    var.    emaciata,    Reuss. 

(Plate  III.,  fig.  33.) 
Dentalina  emaciata,  Reuss,  1851,  p.  63,  pi.  III.,  fig.  9. 
Nodosaria  (D.)  consobrina,  var.  rmaciata,  Rss.,  Brady,  1884,  p.  502, 
pi.  LXII.,  figs.  25,  26.     Howchin,   1907,  p.  41. 
The  long  attenuated  form  of  A\  (/).)  consobrina  is  fairly  well 
distributed    through    the    Tertiaries    and    recent    deposits.     It    is 
interesting  to  find  it  in  the  Australian  Cretaceous,  which  occurrence 
thereby  extends  its  range. 

Mr.   Howchin  records   this  variety   as  common  in  the  (Jingin 
Chalk.     Several  specimens  were  found  in  the  present  sample. 
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Nodosaria  (Dentalina)  legumen,  Retiss. 

(Plate  XII.,  fig.  119.) 

Sodosarta   {Dentalina)  legumen,  Reuss,    1845-6,  pt.   I.,   p.    28,   pi. 

XIII.,  figg.  23,  24. 
Sodosarin  legumen,  Reuss,  1860,  p.  187,  pi.  III.,  fig.  6.  Egger, 
1899,  p.  54,  pi.  v.,  figs.  36-39  ;  pi.  VI.,  figs.  1-3. 
The  solitary  specimen  occurring  in  the  present  series  is  a  short, 
few-chambered  form  similar  to  some  figured  by  Dr.  Egger  from 
the  Bavarian  Chalk-marl.  It  is  a  well-known  species  in  the  Gault 
faunas  of  France  and  England,  and  the  Chalk-marl  of  Germany 
and  Poland. 

Nodosaria  (D.)  lomeiana,  d^Orhigny. 
(Plate  IV.,  fig.  34.) 
iMntalina  lomeiana^  d'Orbigny,  1840,  p.   14,  pi.  I.,  figs.  8,  9. 
Sodosaria  lomeiana,  d'Orbigny,  Reuss,   1845-6,  pt.  I.,  p.   27,  pi. 

VIII.,  fig.  5. 

yodosaria  (Z).)  lomeiana,  d'Orb.,  Chapman,  1893,  p.  688,  pi.  VIII., 

figs-  30,  31.     Egger,  1899,  p.  56,  pi.  VI.,  figs.  21,  22. 

This  is  a  typical  Cretaceous  form,  resembling  a  iV.  (Z>.)  conso- 

hrina   with  longish  elliptical  chambers  scarcely  increasing  in  size 

with  growth. 

Recorded  from  the  Gault  and  Chalk  of  England,  and  from  the 
^lialk  of  Aix  la  Chapelle,  Riigen,  Bavaria,  and  Bohemia. 
Common  in  the  Gingin  Chalk. 

Nodosaria  (D.)  filiformis,  d'Orbigny, 

(Plate  IV.,  fig.  35.) 

^f/dosaria    filiformis,    d'Orbigny,    1826,    p.    253,    No.    14.     Reuss, 

1845-6,  pi.  I.,  fig.  28  ;    pi.  XII.,  fig.  28. 
If^nkdina  filiformis,  Reuss,  1860,  p.   188,  pi.  III.,  fig.  8. 
Sfjdosaria  (D.)  filiformis,  d'Orb.,  Brady,  1884,  p.  500,  pi.  LXIII., 

figs.  3-5. 
S^,dosaria  filiformis,  Reuss,  Egger,  1899,  p.  67,  pi.  VI.,  figs.  28-30. 
The  species  range  from  the  Lias  through  the  Cretaceous 
-ifid  Tertiaries  to  recent  deposits,  where  it  is  foiuid  in  moderately 
i-^p  water.  Reuss'  specimens  were  found  in  the  Chalk  of  Bohemia 
?ir,d  Westphalia,  whilst  Egger  foimd  it  in  the  Bavarian  Chalk-marl. 
Verj'  rare  in  the  Gingin  Chalk. 

Nodosaria  (D.)  retrorsa,  Reuss  sp. 
(Plate  IV.,  fig.  36.) 
It^nialina  reirorsa,  Reuss,  1864,  p.  46,  pi.  III.,  fig.  27. 
Sf'domMria  (D.)  reirorsa,  Reuss,  Brtidy,   1884,  p.  507,  pi.  LXIII., 

,fig.  7. 
•<'d^09arta  retrorsa,  Reuss,  Egger,  1899,  p.  81,  pi.  IX.,  fig.  25. 

This  species,  which  was  ecurlier  known  as  an  Oligocene  fossil, 
^>d  a  still-living  form  (off  the  Ki  Islands,  580  fathoms),  has  more 
iXfAy  been  described  from  the  Chalk  of  Bavaria  by  Dr.  Egger. 

Our  specimens  are  typical,  and  the  species  is  not  uncommon 
^  the  Gingin  Chalk. 
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Nodosaria  (D.)  intercellxilaris,  Brady. 

(Plate  IV.,  fig.  37.) 

Nodosaria  (D.)  intercellidaris,  Brady,  1884,  p.  615,  pi.  LXV.,  figs. 

1-4.     Chapman  1893,  p.  591,  pi.  IX.,  fig.  8. 

It  is  of  much  interest  to  find  this  species,  originally  found  living 

off  Bermuda  at  435  fathoms  and  which  was  subsequently  obtained 

by  the  writer  from  the  Gault  of  Folkestone,  in  the  West  Australian 

Cretaceous. 

One  typical  specimen  from  Gingin. 

Nodosaria  (D.)  costellata,  Rettss, 
(Plate  IV..  fig.  38.) 
!  Nodosaria  costellata,  Reuss,  1845-6,  pt.  I.,  p.  27,  pi.  XIII.,  fig.  18. 

'  Nodosaria  {D.)  costellata^  Rss.,  Chapman,   1893,  p.   590,   pi.  IX., 

fig.  3. 
Nodosaria  costeUata,  Rss.,  Egger,  1899,  p.  74,  pi.  VIII.,  figs.  13,  19. 
This  is  a  distinctly  Cretaceous  form,  occurring   in  the  Planer- 
mergel  of  Bohemia,  the  Chalk-marl  of  the  Bavcurian  Alps,  and  the 
Gault  of  Folkestone. 

The   figured  specimen  has  the   surface  entirely   costate,  but 
the  ribs  are  slightly  stronger  on  the  sutures.     As  a  rule  the  costae 
'  do  not  extend  beyond  the  constricted  area  between  the  chambers. 

5  One  specimen  found  in  the  present  sample. 

.  Nodosaria  (D.)  obliqua,  Linne  sp, 

(Plate  IV.,  fig.  39.) 
Nodosaria  obliqua,  L.  sp.,  Brady,  1884,  p.  513,  pi.  LXIV.,  figs.  20-22. 

Howchin,  1907,  p.  41. 
This  typically  ornamented  and  central  type-form  of  the  costate 
nodosarines  is  found  in  all  fossiliferous  deposits  dating  from  the 
Permian  to  the  present  day. 

Specimens  comparable  with  that  figured  are  not  uncommon  in 
the  present  sample  from  Gingin.  Mr.  Howchin  records  one  speci- 
men from  the  same  deposit. 

Nodosaria  (D.)  sulcata,  Nilsson, 
(Plate  IV.,  fig.  40.) 
Nodosaria  sulcata,   Nilsson,    1827,   p.    8,   pi.   IX.,   fig.    19.     Reuss, 

1845-6,  pt.  I.,  p.  26,  pi.  XIII.,  fig.   17. 
Nodosaria    (D.)   sulcata,    Nilsson,    Sherborn    and    Chapman,   1889, 

p.  486,  pi.  XI.,  fig.  24. 
Nodosaria  sulcata,  Nilsson,  Egger,  1889,  p.  75,  pi.  VIII.,  fig.  24. 
This  is  one  of  the  strongly  sulcate  dentaline  forms  in  which 
the  costae  are  not  oblique  as  in  iV.  (D.)  obliqua.     It  is  typically 
Cretaceous,  but  has  also  occurred  in  certain  Tertiary  deposits,  as 
the  London  Clay.     Amongst  Cretaceous  localities  we  may  mention 
the  Paris  Basin,  Riigen,  Lemberg,  Bavaria,  and  Bohemia. 
Not  uncommon  in  the  Gingin  Chalk. 
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Nodosaria  (D.)  paupercula,  Reuse. 

(Plate  IV.,  fig.  41.) 
Sodasaria  paupercula,  Reuss,  1845-6,  pt.  I.,  p.  26,  pi.  XII.,  fig.  12. 
DerUalina  paupercula^   Rss.,   Berthelin,    1880,   p.    43,   pi.   II.,   figs. 

17a,  6. 
Sodosaria  (Z>.)  paupercula,  Rss.,  Chapman,  1893,  p.  593,  pi.  IX., 

figs.  13,  14. 
X.  paupercula,  Rss.,  Egger,  1899,  p.  72,  pi.  VIII.,  fig.  7. 
This  is  a  rather  common  species  in  the  Gingin  Chalk. 
The  specimens  agree  precisely  with  those  from  the  English 
and  French  Gault,  and  the  Chalk  of  Bavaria,  Saxony,  euid  the 
Isle  of  Riigen. 

Nodosaria  subtertenuata,  Schwager, 
(Plate  XII.,  fig.  117.) 
Sodosaria  subtertenuata,  Schweiger,   1866,  p.   235,  pi.  VI.,  fig,   74. 
Brady,    1884,  p.   507,  pi.   LXII.,  figs.   7,   8.     Howchin,    1894, 
p.  364. 

This  species  was  originally  recorded  from  the  Pliocene  of 
Kar-Xicobar,  and  Brady  subsequently  found  it  in  recent  soundings 
off  the  Ki  Islands  near  Japan  in  129  fathoms.  Since  then  Mr. 
Howchin  has  discovered  it  in  the  Cretaceous  foraminiferal  deposits 
of  Hergott  to\i'nship,  Bore  No.  2.  It  is  therefore  extremely  in- 
teresting to  find  it  in  the  present  washings  from  Gingin. 

Not  uncommon  ;    specimens  quite  typical. 

Nodosaria  vertebralis,  Batsch  sp. 

Nodosaria  vertebralis,  Batsch  sp.,  Howchin,    1907,  p.   41. 

Mr.  Howchin  records  one  or  two  fragments  from  the  Gingin 
Chalk.  It  has  previously  occurred  in  the  fossil  state  in  Tertiary 
t»eda,  and  is  well  known  as  a  recent  form.  It  was  not  met  with 
in  my  sample. 

Nodosaria  obscura,  Reuse, 

(Plate  IV.,  fig.  42.) 

Nodosaria  obscura,  Reuss,  1845-6,  pt.  I.,  p.  26,  pi.  XIII.,  figs.  7-9. 

Burrows,  Sherbom,  and  Bailey,  1890,  p.  557,  pi.  IX.,  fig.  24. 
Nodosaria   (/).)  obscura,  Reuss,  Chapman,    1893,  p.   593,  pi.  IX., 

fig.   16. 

Nodosaria  obscura,  Reuss,  Egger,  1899,  p.  75,  pi.  XXIV.,  fig.  23. 
Heron  Allen  and  Earland,   1910,  p.  418,  pi.  VII.,  fig.  7. 

This  species  differs  from  typical  specimens  of  N,  raphanus 
in  the  more  irregular  growth  of  the  test  and  the  obscurely  marked 
septa.     It  is  a  common  Chalk  specias. 

Moderately  common  in  the  Gingin  Chalk. 


^! 
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Nodosaria  prisniatica,  Reuss. 
(Plate  IV.,  fig.  43.) 
Nodosaria  priamatica,  Reuss,   1860,  p.   180,  pi.  II.,  fig.  2.     Idem, 
1862,  p.   36,  pi.  II.,  fig.   7.     Burrows,  Sherbom,  and  Bailey, 
1890,  p.   657,  pi.   IX.,  figs.   25a,  6.     Chapman,' 1893,   p.   594, 
pi.  IX.,  fig.  21.     Egger,  1899,  p.  77,  pi.  VIII.;  figs.  6,  8a,  h. 
This  is  a  distinct  variety  of  the  N.  raphanua  type,  recognised 
by  its  narrow  rod- like  test  and  evenly  spaced  costae,  which   latter 
feature  gives  it  a  polygonal  outline  in  transverse  section. 
It  is  moderately  conunon  in  the  Gingin  Chalk. 

Nodosaria  perpusilla.  Chapman, 
(Plate  XII.,  fig.  118.) 
Nodosaria  perpusilla ,  Chapman,  1893,  p.  591,  pi.  IX.,  fig.  6. 
This  is  a  very  small,  slender  and  finely  costate  modification 
of  the  N.  raphanus  type,  and  was  first  described  from  the  Gault 
of  Folkestone. 

One  specimen  from  Gingin. 

Genus  Frond icuiaria,  Defrance. 
Frondicularia  ornata,  d'Orhigny. 
(Plate  v.,  fig.  44.) 
Frondicularia  ornata,  d'Orbigny,   1840,  p.   21,  pi.  I.,  figs.   37,  38  ; 
facsimile  in   Science   Gossip,    1870,   p.    82,   fig.    92.     Reuss,   in 
Geinitz,  1845-6,  p.  653,  pi.  XXIV.,  fig.  20.    Egger,  1899,  p.  91, 
pi.  X.,  figs.   15,  16. 

This  species  is  a  stoutly  built,  sparsely  chambered  form  of  the 
F,  archiaciana  type.  It  is  restricted  to  the  Chalk  and  Chalk- marl, 
but  is  not  at  all  common  at  any  locality.  D'Orbigny *s  specimens 
came  from  the  White  Chalk  of  the  Paris  Basin,  whilst  Egger  had 
it  from  the  Chalk-marl  of  the  Upper  Bavarian  Alps. 
Rare  in  the  Gingin  Chalk. 

Frondicularia  archiaciana,  d'Orbigny, 
(Plate  v.,  fig.   45.) 

Frondicularia  archiaciana,  d'Orbigny,  1840,  p.  20,  pi.  I.,  figs.  34- 
36  ;  facsimile  in  Science  (Gossip,  1870,  p.  82,  fig,  91.  Reuss, 
1845-6,  pt.  I.,  p.  31,  pi.  XIII.,  fig.  39.  Eley,  1859,  p.  197, 
pi.  IV.,  fig.  19  (flint  cast).  Brady,  1884,  p.  520,  pi.  CXIV., 
fig.  12.  Chapman,  1894,  p.  155,  pi.  III.,  fig.  6.  Perner,  1897, 
p.  69,  pi.  v.,  fig.  3.  Chapman,  1899,  p.  304.  Egger,  1899, 
p.87,  pi.  X.,  figs.  19,  20. 
This  typically  Cretaceous  species  has  survived  to  the  present 

day,  but  in  the  living  condition  is  almost  unique,  the  "  Challenger  " 

obtaining  it  from  only  one  locality,  Raines  Islet,  Torres  Strait  at 

155  fathoms. 

It  is  not  uncommon  in  the  Gault,  Greensand,  and  Chalk  of 

Europe  and  the  British  Islands. 

Several  examples  occurred  in  the  C^ingin  Chalk. 
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Frondicularia  chapmani,  Pemer. 
(Plate  v.,  fig.  46.) 
F^'.itdieularia    chapmani,    Pemer,    1897,    p.    69,    pi.    IV.,    fig.    17. 

Howchin,  1907,  p.  41. 
This  species  was  originally  found  in  the  Bohemian  Chalk.     It 
15  edsily  distinguished  by  the  smooth,  convex  faces  and  elongate 
liD'^ilate  form,  broadest  in  the  upper  third,  and  with  concave 
iid  rapidly  narrowing  sides  towards  the  aboral  extremity. 

^Ir.  Howchin  records  several  fragmentary  specimens  of  this 
■  nn  from  the  Gingin  Chalk.  It  is  not  unconunon  in  the  present 
*'i!  iple,  but  never  quite  perfect  at  the  commencement  of  the  test. 

Frondicularia  lanceola,  Retiss, 
(Plate  v.,  fig.  47.) 
trundicularia  lanceola,  Reuss,   1860,  p.   198,  pi.  V.,  fig.   1,     Chap- 
man, 1894,  p.  157,  pi.  III.,  fig.  15.     Perner,  1897,  p.  67,  pi.  III., 
fig.  2.    Chapman,  1899,  p.  302.     Egger,  1899,  p.  87,  pi.  XV., 
tij?8.  9,  10. 

This  species  is  distinguished  by  its  exceptionally  slender  pro- 
T'rtions,  and  is  uniformly  narrow,  unlike  F.  angusta,  Nilsson,  and 
'tlier  similar  forms,  which  brofwien  considerably  in  their  later 
growth. 

P-  lanceola  has  been  met  with  in  the  Gault  of  Folkestone,  the 
'^'iinbridge  Greensand    (probably    a   remani6   bed   of   Gault   tige), 
•^^  Westphalian  Chalk  and  the  Chalk  marl  of  Bavaria. 
Typical  specimens  very  common  in  the  Gingin  Chalk. 

Frondicularia  inversa,  Reuss, 
(Plate  v.,  figs.  48,  49.) 
^^mdinUaria  inversa,  Reuss,  1845-6,  pt.  I.,  p.  31,  pi.  XIII.,  figs. 

15-19.    Chapman,  1894,  p.  155,  pi.  III.,  fig,  8.     Perner,  1897, 

p.  69,  pi.  IV.,  figs.  5-8.     Egger,  1899,  p.  90,  pi.  X.,  figs.  3,  4. 

Chapman,  1899,  p.  302. 

This  is  a  somewhat  broad,  subrhomboidal  shell  with  numerous 
*''ite  chambers  and  plane  surface  excejit  for  the  8utiu*al  margins 
^'lich  are  narrow  and  in  relief.  It  is  a  well  known  Chalk  species 
'^•'1  its  range  extends  through  the  Gault  and  Chalk  in  Europe  and 
''^^t  Britain. 

Not  uncommon  in  the  Gingin  Chalk. 

Frondicularia  apiculata,  Reuse, 
(Plate  v.,  fig.  50.) 
^^'Mkularia  apicvlata,  Reuss,  1845-6,  pt.  I.,  p.  30,  pi.  VIII.,  fig. 
24.     Idem,  1860,  p.  192,  pi.  V.,  fig.  2. 
This  species  resembles  F,   archiaciana  in  general   characters 
"^^  is  not  so  slender,  whilst  the  chambers  are  more  closely  set. 

Recorded  by  Reuss  from  the  Bohemian  and  Westphalian 
^^.    Rare  in  the  Gingin  Chalk. 
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Frondicularia  aherborni,  Pemer, 
(Plate  VI.,  fig.  51.) 

Frondicularia  sherbornif  Perner,  1897,  p.  68,  pi.  IV.,  fig.  9. 

This  species  is  not  unlike  jP.  itUermitt^ns,  Reuss,  but  the  chain 
bers  are  not  so  clearly  marked  off,  and  the  striae  are  finer  and  men 
continuous  along  the  length  of  the  test ;  it  is  also  more  elongate  thai] 
that  species. 

Not  uncommon  at  Gingin. 

Frondicularia  marginata,  Reuse, 
(Plate  VI.,  fig.  52.) 
Frondicularia  marginata,  Reuss,    1845-6,  pt.   I.,   p.    30,   pi.   XII., 
fig.  9  ;     pt.  II.,  p.  107,  pi.  XXIV.,  figs.  39,  40.     Idem,  I860, 
p.   193,  pi.  v.,  fig.  3. 

This  species  is  of  the  F,  angusta,  Nilsson  type,  with  a  com- 
planate  and  subelongate  shell,  but  having  the  external  margins 
rim-like. 

It  was  formerly  known  from  the  Bohemian  and  Westphalian 
Chalk. 

Several  specimens  occurred  in  the  Gingin  Chalk. 

Frondicularia  decheni,  Reuss, 

(Plate  VI.,  fig.  53.) 

Frondicularia  decheni,  Reuss,  1860,  p.  191,  pi.  IV.,  fig.  3.      Perner, 

1897,  p.   67,  pi.  III.,  fig.   3  ;    pi.  V.,  figs.  6,   15. 

A  short  form   of  the  F,   archiaciana  type,   but   with   almost 

parallel  sides  and  striated  faces. 

Known  formerly  from  the  Bohemiem  and  Westphalian  Chalk. 
Several  specimens  were  found  in  the  Gingin  Chalk. 

Frondicularia  gaultina,  Reuss, 
(Plate  v.,  figs.  54,  55.) 

Frondicularia  gaultina,  Reuss,  1860,  p.  194,  pi.  V.,  fig.  5.     Burrows 
Sherborn,  and  Bailey,  1890,  p.  558,  pi.  X.,  fig.  5.     Chapman, 
1894,  p.  155,  pi.  III.,'  fig.  7.     Perner,  1897,  p.  69,  pi.  IV.,  fig.  3  ; 
pi.  v.,  fig.   1.     Howchin,   1907,  p.  41. 

This  species  is  confined  to  the  Gault  and  Chalk.  The  shell 
shows  some  latitude  in  variation,  but  its  general  characters  are 
summed  up  as  follows  : — Rather  broadly  hastate,  equally  pointed 
at  each  end  ;  complanate  ;  sutures  flush  or  slightly  raised  ;  prim- 
ordial chamber  subovate,  small  to  moderately  large  and  inflated, 
By  increeise  of  breadth  this  shell  aj^pears  to  pass  into  F,  guestphalica. 
Mr.  Howchin  also  records  this  species  from  Gingin. 
Not  uncommon  in  the  Gingin  Chalk. 


31 

Frondicularia  ungeri,  Reuse. 
(Plate  VI.,  fig.  56.) 
Frondictdaria  ungeri,  Reuss,  1862,  p.  54,  pi.  IV.,  figs.  11  a,  b.     Ber- 

thelin,  I88a,  p.  61,  pi.  IV.  (XXVII.),  fig.  4.     Chapman,  1894, 

p.  157,  pi.  III.,  fig.  16.     Id.,  1899,  p.  302.     Egger,  1899,  p.  89, 

pi.  XIII.,  fig».  10,  11. 

This  is  a  short  broad  form  with  only  three  segments.  It  was 
rireviously  known  from  the  North  German,  French  and  English 
<.rault,  as  well  as  the  Cambridge  Greensand. 

Very  rare  in  the  Gingin  Chalk. 

Frondicularia  perovata.  Chapman. 
(Plate  VI.,  fig.  57.) 
Frondicularia  perovata.  Chapman,  1894,  p.  158,  pi.  IV.,  figs,  ba,  h. 
This  rather  handsome  species  has  hitherto  been  known  only 
from    the    English    Ganlt.     The   West    Australian   specimen    here 
figured   does  not  show  the  striated  surface  seen  in  the  English 
t^heU  but  otherwise  it  is  typical. 
Very  rare  in  the  Gingin  Chalk. 

Frondicularia  guestphalica,  Reuse. 
(Plate  VII.,  fig.  58.) 
Frtmdicularia  guestphalica,   Reuss,    1860,   p.    196,   pi.   VI.,   fig.    2. 
Chapman,  1894,  p.  158,  pi.  IV.,  fig.  2.     Idem,  1899,  p.  303. 
This  broad,  complanate  form  has  been  found  in  the  Gault 
of  Folkestone,  the  Cambridge  Greensand,  and  the  Chalk  of  West- 
phalia. 

Not  uncommon  in  the  Gingin  Chalk. 

Frondicularia  intermittens,  Reuss. 

(Plate  VII.,  fig.  59.) 

Frondicularia  intermiUens,  Reuss,  1865,  p.  460  (name  only  ),  pi.  — ., 

fig.  11.  Howchin,  1907,  p.  41. 
This  form  is  represented  by  a  fair  number  of  specimens  in  the 
[H^sent  sample,  that  figured  being  one  of  the  more  robust  varieties. 
I  am  indebted  to  my  friend  Mr.  Howchin  for  a  tracing  of  Reuss' 
original  figure.  This  species  has  been  already  recorded  by  Mr. 
Howchin  from  Gingin. 

Frequent  in  my  sample  of  the  Gingin  Chalk. 

Frondicularia  cordai,  Reuss. 
(Plate  VII.,  fig.  60.) 
Frondicularia  cordai,  Reuss,  1845-6,  pt.  I.,  p.  31,  pi,  VIII.,  figs. 
26-28  ;   pi.  XIII.,  fig.  41  and  pt.  II.,  p.  108,  pi.  XXIV.,  fig.  38. 
Chapman,  1894,  p.  159,  pi.  IV.,  fig.  6.     Pernor,  1897,  p.  69, 
pL  v.,  fig.  9.     Egger,  1899,  p.  90,  pi.  XIII.,  fig.  21. 
A  well  known  Chalk  and  Gault  species. 
Very  rare  in  the  Gingin  Chalk. 
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Frondicularia  lanceolata,  Pemer. 
(Plate  VII.,  fig.  61.) 
Frondicularia  lanceolata,  Perner,  1892,  p.  60,  pi.  VII.,  figs.    12a,  2 
Idem,  1897,  p.  67,  pi.  III.,  ^g.  1  ;    pi,  IV.,   fig.    2. 
This  species  is  recorded  by  Perner  as  common  in  the  Chalk  i 
Bohemia. 

It  may  here  be  noted  that  a  "  Frondicularia  lanceolata  "  wii 
described  by  Costa  in  1865,*  but  this  has  been  shown  by  Dr.  A 
Silvestrif  to  be  the  same  as  d'Orbigny's  Cristellaria  lanceolal 
of  the  Vienna  Basin  memoir,  and  therefore  Perner's  name  sti; 
holds  good. 

Not  uncommon  in  the  Gingin  Chalk. 

Frondicularia  angusta,  Nil^son, 

(Plate  VII.,  fig.  62.) 

Frondicularia  angusta,  Nilsson,  Reuss,  1845-6,  pt.  I.,  p.  29,  j)! 
VIII.,  figs.  13,  14.  Idem,  1860,  p.  196,  pi.  IV.,  fig.  5.  Pernor, 
1897,  p.  68,  pi.  IV.,  fig.  18  ;    pi.  V.,  figs.  4,  8,  11. 

This  is  a  thin,  complanate  form  with  numerous  and  narrow 
chambers,  the  test  being  slender  at  the  aboral  end  and  >videning 
rapidly  towards  the  oral  extremity.  It  seems  to  be  a  typical 
Chalk  species. 

Frequent  in  the  Gingin  Chalk. 


Genus  Mabginulina,  d^Orhigny, 

Marginulina  costata,  Batsch  sp, 

(Plate  VII.,  figs.  63,  64.) 

Nautilus  (Orthoceras)  costatus,  Batsch,  1791,  pi.  I.,  figs.  la-g. 
Marginulina  costata,  Batsch  sp.,  Brady,   1884,  p.  628,  pi.   LXV., 

figs.    10-13.     Sherborn  and  Chapman,    1889,   p.   487,   pi.   XI., 

fig.  28.     Howchin,  1907,  p.  42. 

The  shells  from  Gingin  are  all  uniformly  strongly  costate,  and 
therefore  agree  with  Batsch's  central  type.  Although  search  was 
made  for  the  finely  costate  and  striate  varietal  form,  named  by 
Keuss  M.  striatocostata,  and  found  in  the  Gault  and  Chalk  of  Europe, 
none  was  discovered  in  the  present  sam})le.  The  species  has  an 
extensive  geological  range,  from  the  Lias  to  recent.  One  of  tlie 
specimens  figured  shows  a  cristellarian  commencement,  BkS  in  Brady's 
**  Challenger  "  specimen  on  plate  LXV.,  fig.   11. 

This  species  has  already  been  noted  by  Mr.  Howchin  ^ 
moderately  conmion  at  Gingin.  Very  abundant  in  the  present 
sample. 

•  Mem.  Accad.  Sol.  Napoll,  II.,  1855  (1867),  p.  372,  pi.  111.,  llg.  7. 
t  Mem.  della  Pont.  Accad.  d.  Nuovi  Llucei,  vol.  XV.,  1898,  p.  173, 
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Marginulina  glabra,  (TOrbigny, 
(Plate  VII.,  fig.  65.) 
Mar^nulina  glabra,  d'Orb'gny,   1826,  Vol.  Vn„  p.   259,  No.   6  ; 
Modele,  Xo.  55.     Brady,   1884,  p.   527,  pi.  LXV.,  figs.   6,   6. 
Chapman,  1894,  p.  160,  pi.  IV.,  figs.  11a,  b.     Idem,  1899,  p.  305. 
The  figured  specimen  is  quite  typical  of  this  species,  which 
i-a^,  like  the  previous  form,   a  very   extensive  geological  range, 
^.,  from  the  Rhaetic  to  recent. 
Very  rare  at  Gingin. 

Marginiilina  inaequalis.  Reuse. 
(Plate  VII.,  fig.  66.) 
^largintdina  inaequalis,  Reuss,  1860,  p.  59,  pi.  VII.,  fig.  3.     Idem, 
1862,  p.  59,  pi.  v.,  fig.  13  ;     pi.  VI.,  fig.  8.     BertheUn,  1880, 
p.  34.     Chapman,  1894,  p.  160,  pi.  IV.,  fig.  12.     Egger,  1899. 
p.  94,  pi.  IX.,  fig.  4. 

This  species  is  an  elongate  modification  of  M,  glabra,  with  a 
rather  irregularly  segmented  test.  It  is  peculiarly  a  Cretaceous 
ionn  and  has  been  recorded  from  the  Gault  and  Chalk  of  Europe. 

Very  rare  in  the  Gingin  Chalk. 

Genus  Vaoinuxina,  (TOrbigny, 
Vaginulina  legumen,  Linni  sp, 
(Plate  VIII.,  fig.  67.) 
^'autUus  legumen,  Linn6,  1767,  p.  1164,  No.  288. 
^'fl^nWeVio  legmen,  L.  sp.,  d'Orbigny,  1826,  p.  257,  No.  2.     Jones, 
Paiker,  and  Brady,  1866,  p.  64,  pi.  IV.,  fig.  9.     Brady,  1884, 
P-  530,  pi.  LXVI.,  figs,  13-15.     Burrows,  Sherborn  and  Bailey, 
1890,  p.  559,  pi.  X.,  fig.  16.     Egger,  1899,  p.  98,  pi.  IX.,  figs. 
29,  30. 

The  examples  in  the  present  series  are  well  developed  tests, 
^ooth,  elongate,  and  subovate  in  section.  They  show  no  special 
""sracteristics  as  fossils  of  a  particular  horizon,  and  equally  resemble 
^JTtie  shells  from  the  Lias  as  well  as  others  from  recent  dr edgings. 
it3  raoge  is  from  the  Trias  to  recent. 
Very  abundant  in  the  Gingin  Chalk. 

Vaginulina  comitina,  BertheUn, 
(Pkfcte  VIII.,  fig.  68.) 

^"^m^ina  comitina,  BertheUn,    1880,   p.    38,   pi.   I.,   figs.    21a-d. 
Chapman,  1894^  p.  426,  pi.  VIII.,  fig.  11. 
This  fine  species  has  been  previously  recorded  from  the  Gault 
^^  France  and  England,  from  the  Kentish  Chalk  or  Chalk -marl, 
^  the  Cambridge  Greensand. 

Very  rare  at  Gingin. 
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Vaginulina  strigillata,  Retisa  sp, 

(Plate  VIII.,  fig.  69.) 

Ciiharina  strigiUata,  Reuss,    1845-6,  pt.   II.,  p.    106,  pi.    XXIV., 

fig.  29. 

Vctginulina  strigillata,  Reuss,  sp.,  Chapman,  1894",  p.  423,  pi. 
VIII.,  figs.  3a,  b  and  4.  Egger,  1899,  p.  101,  pi.  X.,  figs.  7, 
9,  and  12. 

This  rather  variable  form  is  essentially  a  Cretaceous  species. 
It  has  occurred  in  the  Gault  and  Chalk-marl  of  Folkestone,  the 
Planermergel  (Cenomanickn,  etc.),  of  Bohemia,  and  the  Chalk-niarl 
of  Bavaria. 

Rare  in  the  Gingin  Chalk. 


Gekus  Cristellaria,  Lamarck. 

Cristellaria  planiuscula,  Reuss, 

(Plate  \ail.,  fig.  70.) 

Cristellaria    planiuscula,  Reuss,  1862,  p.  71,  pi.  VII.,  figs.  15r?,  6, 

Berthelin,  1880,  p.  63,  pi.  III.,  figs.  25a,  6.  Chapman,    1894\ 

p.   654,  pi.  X.,  figs.    14a,  6.      Egger,   1899,  p.    114,  pi.   XII., 
figs.  7-9. 

This  species  is  one  of  the  C,  crepidula  type,  and  is  distinguished 
by  its  few  chambers  and  rather  short  and  broad  test.  Its  dis- 
tribution is  limited  to  the  Neocomian  of  Germany,  the  Gault  of 
France  and  England,  and  the  Chalk-marl  of  Bavaria. 

Very  rare  at  Gingin. 

Cristellaria  trunculata,  Berthelin, 

(Plate  XII..  fig.  121.) 

Cristellaria  truncvlata  (pars)  Berthelin,   1880,  p.  53,  pi.  III.,  fig«. 
27a,  6.     Chapman  1894^  p.  651,  pi.  X.  figs,  4a,  h.     Id.,    1899, 
p.  309.     Egger,  1899,  p.  Ill,  pi.  XII.,  figs.  18,  19. 
C,  trunculata  is  already  known  from  the  Gault  of  France  and 
England,  and  from  the  Cambridge  Greensand. 
One  specimen  from  Gingin. 

Cristellaria  tripleiu'a,  Reuss, 
(Plate  XII.,  fig.   120.) 
Cristellaria   tripleura,   Reuss,    1860,   p.    211,   pi.    IX.,   fig.    5,     Id.. 
1862,  p.  70.     Chapman,  1894\  p.  652,  pi.  X.,  figs.  6a,  6.     Egger, 
1899,  p.   122,  pi.  XII.,  figs.   22-24. 

This  species  is  one  of  the  smallest  of  the  CristeUarice.  It 
has  been  found  in  the  Gault  of  Folkestone  and  of  Westphalia, 
and  the  Chalk-marl  of  Bavaria. 

One  specimen  in  the  fine  washings  from  Gingin. 
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Cristellaria  Htuola,  Reuse, 
(Plate  VIII.,  fig.  71.) 
CrisieUaria  litvola,  Reuss,  1846-6,  pt.  II.,    p.  109,  pi.  XXIV.,  tig. 
47.     Chapman,  1894",  p.  650,  pi.   IX.,  figs.    14a,  6. 
This  form  is  only  known  from  th3  Planermergel  of  Bohemia 
and  the  Gault  of  Folkestone. 

Very  rare  in  the  Gingin  Chalk. 

CristeUaria  grata,  Reuss. 
(Plate  VIII.,  fig.  72.) 
CTtstMaria  grata,  Reuss,  1862,  p.  70,  pi.  VII.,  figs.  14a,  6.     Chap- 
man, 1894",  p.  713.     Egger,  1899,  p.  113,  pi.  XI.,  figs.  27,  28. 
This  is  an  ensiforra  variation  of  the  C.  crepidula  type  with 
n  unded  sides  and  gently  curved  hack.     It  has  been  recorded  from 
tlie  Xeocomian  of  Germany  and  England,   and  from  the  Chalk- 
ii.arl  of  the  Upper  Bavarian  Alps. 
Verj"  rare  in  the  Gingin  Chalk. 

Cristellaria  gladius,  Philippi  sp. 
(Plate  VIII.,  fig.  73.) 
Marginulina  gladius,  Philippi,  1843,  p.  40,  pi.  I.,  fig.  37. 
CrisUHaria  gladius,  Phil,   sp..   Chapman,    1894'^,  p.    649,   pi.   IX., 

figs.  11a,  h. 
Although  typically  a  Chalk  form,  this  species  has  occurred  in 
tlie  Gault  of  Folkestone. 
Very  rare  at  Gingin. 

Cristellaria  acutauricularis,  Fichtel  and  Moll  sp, 

(Plate  VIII.,  fig,  74.) 
SfivtUus  acutauricularis,  Fichtel   and  Moll,  1798,  p.  102,  pi.  XVIII., 

figs,  g-i, 
CristeUaria  acutauricularis,  F.   and  M.   sp.,   Brady,    1884,  p.   543, 
pL  CXIV^,  figs.  17a,  6.     Howchin,  1907,  p.  42.     Sherlock,  1914, 
p.  260,  pi.  XIX.,  fig.  2. 

This  species  passes  into  C.  navicvda  by  the  compression  of  the 
.•^>tal  face  of  the  last  chamber. 

C.  acutauricularis,  as  noted  by  Mr.  Howchin,  ranges  from  the 
Lias  to  recent.  Sherlock  has  lately  recorded  it  from  the  Speeton 
'  "Uy  (Lower  Cretaceous  or  Neocomian)  of  Yorkshire. 

Prevnously  recorded  by  Howchin  from  the  Gingin  Chalk  as 
n.'«derately  common.  Only  one  typical  example  found  in  my 
sample. 

Cristellaria  ovalis,  Reuss, 
(Plate  VIII.,  fig.  75.) 
CristeUaria  ovalis,  Reiiss,  1845-6,  pt.  I.,  p.  34,  pi.  VIII.,  figs.  49a, 
b  ;    pi.  XII.,  figs.  19a,  b  ;    pi.  XIII.,  figs.  60a-636.     Berthelin, 
18«0,  p.  51.     Howchin,  1907,  p.  42. 

This  Gault  and  Cenomanian  species  htw  been  recorded  by 
Mr.  Howchin  from  the  Gingin  Chalk.  Several  specimens  occur 
in  my  sample. 


I 
I 
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Cristellaria  schloetibachi.  Reuse, 
(Plate  VIII.,  fig.  76.) 
Cristellaria  sMoenbachi,  Reuss,  1862,  p.  65,  pi.  VT.,  fi^.    14,    lo. 
I  Brady,    1884,   p.   639,  pi.   LXVII.,   fig.    7.     Chapman,     1894,* 

p.  649,  pi.  IX.,  figs.  9a,  6.     Egger,  1899,  p.  110,  pi.  XII.,  figs. 
38-40  ;    pi.  XXIV.,  figs.  30,  31. 
*  This  species  ranges  from  the  Lower  Cretaceous  to  recent.     It 

is  perhaps  more  typical  of  Cretaceous  deposits  than  of  any    other. 
Moderately  common  at  Gingin. 

Cristellaria  bronni,  Roemer  sp. 
(Plate  VIII.,  fig.  77.) 
Planularia  hronni,  Roemer,  1841,  p.  97,  pL  XV.,  fig.  14. 
Cristellaria  hronni,  Roemer,  sp.,  Reuss,  1862,  p.  70,  pi.  VII.,  figs. 
13a,  6.     Chapman,  1894^  p.  649,  pi.  IX.,  figs.  12a,  6,  13a,  b. 
This  is  a  Neocomian  and  Gault  species  in  Europe. 
At  Gingin  C.  hronni  is  very  rare. 

Cristelleuia  italica,  Def ranee  sp, 
(Plate  IX.,  fig.  78.) 
Saracenaria  italica,  Defrtuice,    1824,  vol.  XXXII.,  p.    177  ;      vol. 

XLVEI.,  p.  344.     Atlas  Conch.,  pi.  XIII.,  fig.  6. 
Cristellaria  italica,  Defr.   sp.,  Brady,    1884,  p.   644,  pi.   LXVIII., 
figs.    17,    18,    20-23.     Chapman,   1894",    p.    653,  pi.   X.,   figs. 
10a,  6. 

C.  italica  here  peisses  into  the  shorter  modification,  C,  navicula. 
Typical  specimens  range  from  the  Lower  Cret8U3eous  to  recent.     It 
is  known  from  the  Neocomian  of  Surrey,  and  from  the  Gault  of 
England  and  France. 
"Rare  at  Gingin. 

Cristellaria  navicula,  d'Orbigny. 
(Plate  IX.,  fig.  79.) 
Cristellaria  navicula,  d'Orbigny,  1840,  p.  27,  pi.  II.,  figs.   19,  20. 
Reuss,  1845-6,  pt.  I.,  p.  34,  pi.  XII.,  fig.  27.      Chapman,  1894', 
p.  650,  pi.  X.,  fig.  1.     Egger,  1899,  p.  116,  pi.  XII.,  figs.  3,  4. 
This  form  is  almost  restrictodly  a  Cretaceous  one»  ranging 
from  the  Gault  to  the  Upper  Chalk. 
Fairly  common  at  Gingin. 

Cristellaria  triangularis,  d'Orbigny. 
(Plate  IX.,  fig.  80.) 
Cristellaria  triangularis,  d'Orbigny,  1840,  p.  27,  pi.  II.,  figs.  21,  22. 
Reuss,    1845-6,   pt.   I.,   p.    34,   pi.    VIII.,   fig.    48.     Chapman, 
1894»,  p.  651,  pi.  X.,  figs.  3a,  6.      Egger,  1899,  p.  117,  pi.  XII., 
figs.  6,  6. 

C.  triangularis  is  typically  Cretaceous  and  seems  confined  to 
the  upper  series  of  that  formation. 
Moderately  common  at  Gingin. 


CristellMia  li 

(Plate  Xl 

CriettUaria  lattfrona,  Brady,  18 

pU  CXIII..  fig.  Ilo,  6.      Ch 

80.  b. 

The  above  species  was  re): 
the  English  Gault,  and  it  ia  here 
inga  it  occurs  in  fairly  deep  tn 


Cristellaria  ol 

(Plate  IX 

CriBteUaria  ciigoaUgia,  BeuBa,  II 

1862,  p.  93,  pL  Xlir.,  fig.  2. 

I8S0,  p.  56.      Chapnuui,  189 

1894',   p.    713.     Id.,   1899, 

XI.,  figs.  21,  22. 

This  turgid  and  sparaoly  0 
t>in>ugh  the  Neocomian,  Gault, 
the  Continent. 

A  few  specimens  were  foui 


Cristellaria  g 
{Plate  i: 

Cristellaria  gOba,  d'Orbigny,  182 
1884.  p.  646,  pi.  LXIX., 
and  B&Uey,  1890,  p.  S59,  pi 
p.  4,  pL  1.,  figa.  7a,  b.  She 
9a,  b. 
Although  this  species  has 

IB  never  bo  common  as  in  the  C 
Abundant  at  Gingin. 

Cristellaria  art 

(Plate  i: 

Rcbulina  artiadina.  Reuse,  1884, 

fie 

Cristellaria  artieulata,  Bse.  sp.. 

The  earliest  geological  reci 
was  the  OUgocen    of  Ge  many 

A  single  typical  specimen 
Gingin. 
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Cristellaria  subalata.  Reuse, 

(Plate  IX.,  fig.  84.) 
CriateUaria  subalata,  Reuss,  1864,  p.  68,  pi.  XXV.,  fig.  13.     Chap- 
man, 1896,  p.  3,  pi.  I.,  figs.  3a,  6.     Egger,  1899,  p.  118,  pi.  XI., 
figs.  19,  20. 

This  species,  with  raised  sutures,  is  common  throughout  the 
Cretaceous,  and  is  met  with  occasionally  in  Tertiaiy  deposits. 
It  is  frequent  at  Gingin. 

Cristellaria  gaultina,  Berthelin. 
(Plate  IX.,  fig.  85.) 

Cristellaria  gaultina,  Berthelin,   1880,  p.  49,  pi.  III.,  figs.   15-19. 

C    ctdtrata,   Montf.    sp..    Burrows,    Sherbom,    and    Bailey,     1890, 
p.  559,  pi.  X.,  figs.  18a,  6.     Chapman,  1896,  p.  7,  pi.  I.,  figs- 
10a,  6,  11.     Egger,  1899,  p.  121,  pi.  XXIII.,  figs.  4-9.     Sher- 
lock, 1914,  p.  262,  pi.  XVIII.,  figs.  27. 
This  is  a  compressed,  numerously  chambered  form  of  the  C 

rotulata  type.      It  is  one  of  the  most  abundant  of  the  CristeUaricB 

in  tho  English  Gault. 

Very  abundant  at  Gingin. 

Cristellaria  rotulata,  Lamarck  sp. 
^  (Plate  IX.,  fig.  86.) 

Lenticulites  rotulata,  Lamarck,  1804,  p.  188,   No.  3  ;  Tabl.  Method, 

pi.  CCCCLXVI.,  fig.  6. 
Cristellaria.  rotulata.  Lam.  sp.,  d'Orbigny,  1840,  p.  26,  pi.  II.,  figs- 
15-18.  Perner,  1892,  p.  62,  pi.  IV.,  figs,  1-11.  Chapman, 
1896,  p.  5,  pi.  I.,  figs.  8o,  6.  Perner,  1897,  p.  47,  70,  pi.  VI., 
figs.  10,  11.  Egger,  1899,  p.  122,  pi.  XI.,  figs.  3,  4.  Howchin, 
1907,  p.  42.     Sherlock,  1914,  p.  263,  pi.  XVIII.,  fig.  25. 

Typical  specimens  of  this  well  distributed  species  cu-e  not 
common  in  my  sample  from  the  Gingin  Chalk.  It  was  also  met; 
with  in  the  same  deposit  by  Mr.  Howchin.  Its  range  extends  from 
the  Lias  to  recent. 

Cristellaria  rotulata.   Lam,  sp,,  var.   microdiscus,   Reuas, 

(Plate  IX.,  fig.  87.) 

Cristellaria  macrodisca,  Reuss,  1862,  p.  78,  pi.  IX.,  figs.  5a,  6.     Ber- 
thelin, 1880,  p.  48,  pi.  III.,  figs.  6-11. 
Cristellaria  rotulata.  Lam.  sp.,  var.  macrodisca,  Reuss,  Chapman, 

1896,  p.  6,  pi.  I.,  figs.  9a,  h, 
C.  macrodisca,  Rss.,  Egger,  1899,  p.  120,  pi.  XI.,  figs.  5,  6. 

This  v€upiety  is  familiar  as  a  Cretcwjeous  fossil,  occurring  in 
the  Gault  and  Chalk -marl  of  England,  France,  and  Germany. 
Frequent  at  Gingin. 
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Flabellina  interpiinctata,  von  der  March, 

(Plate  X.,  fig.  91.) 

FlctbeUina  interpunctata,  v,  der  Marok,  1858,  p.  53,  pi.  I.,  fig.  5. 
Reiiss,  1860,  p.  216,  pi.  IX.,  fig.  1.  Howchin,  1907,  p.  42. 
Heron- Allen  and  Ear  land,  1910,  p.  422,  pi.  VIII.,  fig.  5. 

F,  interpunctata  is  typically  Upper  Greteu)eous. 

SUB-FAM.    POLYMOBPHININiE. 

Genus  Polymorphina,  d'Orbigny, 

Polymorphina  sororia,  Reuss. 

(Plate  X.,  fig.  92.) 

Polymorphina    {OuttiUina)   sororia,   Reuss,    1862,    p.    121,    pi.    II., 

figs.  26-29. 
Polymorphina  sororia,  Rss.,  Brady,  1884,  p.  562,  pi.  LXXI.,  figs. 

16-16.     Chapman,  1896,  p.   12,  pi.  II.,  fig.   11.     Egger,   1899, 

p.  126,  pi.  XVII.,  figs.  6,  7.     Fornasini,  1900,  p.  386,  woodcut, 

fig.  36. 

P.  sororia  is  not  confined  to  Cretaceous  deposits,  but  is  perhaps 
most  abundant  in  beds  of  that  age.  Reuss*  original  specimens  ceune 
from  the  Crag  of  Antwerp  (Lower  Pliocene),  and  it  has  also  occurred, 
in  the  Middle  Ohgocene  of  Germany  and  the  Pliocene  of  East  Anglia. 
The  oldest  records  are  those  of  Cretaceous  age  beginning  with  the 
Gault. 

Frequent  in  the  Gingin  Chalk. 

Polymorphina  angusta,  Egger, 

(Plate  X.,  fig.  93.) 

Polymorphina  {Glohidina)  angusta,  Egger,  1857,  p.  290,  pi.  XIII., 
figs.  13-16.  Brady,  1884,  p.  663,  pi.  LXII.,  figs.  1-3.  Chap- 
man, 1896,  p.  13,  pi.  II.,  fig.  14.  Egger,  1899,  p.  126,  pi.  XVII., 
figs.  8,  9. 

This  species,  as  also  the  foregoing,  ranges  from  the  Upper 
Cretaceous  to  recent. 
Rare  at  Gingin. 

Polymorphina  compressa,  dCOrbigny. 

(Plate  X.,  fig.  94.) 
Polymorphina  compressa,  d'Orbigny,   1846,  p,   233,  pi.  XII.,  figa. 
32-34.     Brady,  Parker,  and  Jones,  1870,  p.  227,  pi.  XI.,  figs. 
12a-/.     Brady,  1884,  p.  665,  pi.  LXXII.,  figs.  9-11. 
P.   communis,  d'Orbigny,   Burrows,   Sherbom,   and  Bailey,    1890, 

p.  561,  pi.  XL,  fig.  11. 
P.  compressa,  d*Orb.,  Chapman,  1896,  p.  14,  pi.  II.,  fig.  16. 

This  species  has  a  w^ide  geological  range,  beginning  with  the 
Licts. 

It  is  rare  at  Gingin. 
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PoYmorphina  oommunis,  iTOrbigny. 
(Plate  X.,  fig.  95.) 
PolsftnorphiTta    (Outtuiina)    communis,    d'Orbigny,    1826,    p.    2( 

pi.  Xir.,  figs.  1-4  ;  Module,  No.  62. 
OiittuiiTia  cretacea,  Alth.,   1850,  p.   262,  pi,   XIII.,  fig.   14. 
Pviymorphina  cretacea,  Alth.   up.,  Berthelin,   1880,   p.   68. 
Polymorphina  communis,  d'Orb.,  Brady,  1884,  p.  568.  pi.  LXXI 

fig.   19. 
P.  gibba,   d'Orb,,  Bvirrows.  Sherborn,  and  Bailey,    1890,  p.   5( 
pi.    XI.,    fig.    13.     Chapman,    1896,   p.    13,    pi.    II.,    fig.    : 
ERger.  1899,  p.  128,  pi.  XVII.,  figs.  36,  37. 
The  range  of  this  species  extends  from  the  Lias  to  recent. 
Cretaceous  deposits  it  occurs  ia  the  Neocomian,  Gault,  and  R 
Chalk  of  England,  and  the  Gault  of  France. 
Rare  at  Gingin. 

Polymorphina  lactea.  Wcdktr  and  Jacob  sp. 

(Plate  X.,  fig.  96.) 

S^pida  laclea.  Walker  and  Jacob,  1798,  p.  634,  pi.  XXIV.,  flg. 

Polymorphina  lactea,  W.  and  J.  ap.,  Brady,  1884,  p.  559,  pi.  LXX 

fig.  II.     Chapman,   1896,  p.   9,  pi.  II.,  flg.   3.     Egger,    18J 

p.  127,  pi.  XVII.,  figs.  14,  15. 

Occurs  in  many  Cretaceous  deposits  in  England  and  the  cc 
tinent.     It  dates  from  Jurassic  times  and  its  range  extends  to  t 

Rare  at  Gingin. 

GEKtJS  Saoraina,  d^Orbigny  {emend.  Parker  and  Jones). 
Sagraina  maitlandiana,  ap.  nov.* 
(Plato  X.,  fig.  97.) 

Description.— Teat  consisting  of  about  six  subpyriform  to  ova 
BF'jrineQta  arranged  in  a  slightly  curved  line  ;  the  flrat  segme 
i^jmpound,  consisting  of  a  compact  uvigerine  series  terminatii 
in  a  blunt  point  at  the  aboral  end.  Apertural  extremity  extend 
Bs  a  tubular  projection.  Surface  of  test  roughened  with  nuraero 
blunt  prickles. 

length  of  type  specimen,  1  ■  78mm.  Diameter  ot  last  chamb< 
■38mm. 

Observations. — This  species  might  easily  be  mistaken  f 
Sodosaria  hiiptda,  d'Orbigny,  but  for  the  slight  irregularity 
eize  of  the  chambers  as  they  increase  in  growth,  whilst  the  compli 
primordial  series  shows  it  to  belong  to  Sagraina.  Sagraii 
riryuia,  Brady,t  appears  to  be  nearest  to  the  above  form,  b 
diflers  eesentially  in  the  separation  of  the  later  component  chambt 
by  a  stolon,  by  the  everted  mouth  and  by  the  hursute  rather  thi 
Mperulose  test. 

Not  infrequent  at  Gingin. 

*  Xniind  kH«  Mr.  A.  GIbb  MaKIbihI,  OovemmFnt  llcoli^lBtol  Wntern  Aiutnlln,  to 

whom  ths  write 

t  B«p.  OulU,  ism,  p 
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I  Sagraina  asperula,  Chapman, 

(Plate  X.,  fig.  98.) 

Sagraina  aspertdaj  Chapman,  1896',  p.  581,  pi.  XII.,  fig.    1. 

This  is  a  stout  form  of  Sagraina  with  few  chambers,  which 
*  are  closely  conjoined,  and  with  an  obscure  septation  of  the  prim- 

\  ordial  series.     Probably  "  Dimorphina  minuta  "    of    Dr.   Egger*  is 

a  slender  variety  of  this  form. 

S,  asperula  was  previously  described  from  the  lower  zones    of 
1  the  Gault  of  Folkestone. 


Sagraina  monile,  tp,  nov, 
(Plate  X.,  fig.  99.) 

Description, — Test  consisting  of  a  linear  series  of  about  four 
ovoid  segments  deeply  constricted  at  the  sutural  lines,  the  com- 
mencing segment  pyriform,  formed  of  a  complex  uvigerine  series. 
Aperture  simple,  orifice  not  greatly  extended.  Surface  of  test 
highly  polished. 

Length,   •62mm.     Greatest  width,   •  15mm. 

This  species  is  represented  by  a  single  example  in  the  Gingin 
Chalk. 


SUB-FAM.    RAMULININiE. 

Genus  Ramulina,  Rupert  Jones, 

Ramulina  aculeata,   WriglU, 

(Plate  X.,  fig.  100.) 

Ramulina  aculeata^  Wright,   1886,  p.   331,  pi.  XXVII.,  fig.   11. 
Lagena  hispida,  Haeusler,  1887,  pp.    185  and   189,  pi.  V.,  fig.   12. 
Ramulina  actdeatay  Burrows,  Sherborn,  and  Bailey,  1890,  p.  561, 

pi.  XI.,  fig.   16. 
Lagena  tubercvlatay   Pemer,    1892,  p.   56,  pi.   V.,   figs   19a,  6. 

Ramulina  glohulifera,  var.   miocaenica,  Rzehak,   1895,  p.   222,  pi. 

VI.,  fig.  6. 
R.  kittli.  Idem,  ibid,  p.  222,  pi.  VI.,  figs.  8,   10. 

R,  aculeata,  Wright,  Chapman,  1896*,  p.  583,  pi.  XII.,  figs.  7-0. 
Jones  and  Chapman,  1897,  p.  345,  figs.  23-42.  Chapman, 
1899,  p.  314.     Egger,  1899,  p.  135,  pi.  II.,  fig.  3. 

This  is  a  typically  Upper  Cretaceous  species,  having  been 
found  only  rarely  in  later  deposits,  as  the  Miocene.  It  is  distin- 
guished from  the  more  typically  recent  species,  R.  globulifera,  by 
the  strong  prickly  or  tuberculate  ornament  of  the  test. 

Fragmentary  specimens  occur  at  Gingin. 


•  Foram.  iind  Ostr.ikodon  ana  dcm  Krctdcmcrgcdii  dor  Obcrbayerlschen  AInen, 
iiJOO,  p.  121,  j)l.  XXII.  ng.  23, 


Genus  ViTRfwi 

Vitriwebbina 

(Plate  X: 

Webbina  laevis,  SoUas,  1877,  pp. 

Vitriu-^)bina  laevis,  Sollaa  ap.,  C! 

Bagg,    I8BS,   p.    13.     Chapn 

12.     Idem.  1896",  p.  332,  fi 

V.  aoUasi  occure  in  the  0 
and  in  the  Middle  Marl  of  New  <i 

Several  good  examples  of  t 
shell  fragments,  occur  at  Gingii 


Fam.    GLOI 

GEHtJS  Globioe 

Globigerina  bu 

(Plate  XI 

Globigerina   buUoidea,  d'Orbigny 

Modelee  Xos.  1 7  and  76.      Bt 

LXXIX.,  agB.  3-^7.     Chapm 

Howchin,  1B07.  p.  42. 

This  speciea  has  been  record) 
in  the  Gingin  Chalk.  A  few  epec 
K^ieived  by  the  writer. 


Glob^erina  cre< 
(PUte  XI.,  fig.  102 
(Jlobigerina  eretaeea,  d'Orbigny, 
Keusa,  1845-6,  pt.  I.,  p.  36 
Sherbom,  and  Bailey,  1890,  ] 
1892,  p.  64,  pi.  IX.,  figa. 
pL  XV.,  figB.  13a-c.  Id.,  1! 
Egger,  1899,  p.  169,  pi.  XXI 

The  testa  in  these  washing! 
are  of  the  typical  Cretaceous  ( 
iiii>dification  which  hoa  a  highe: 

Xot  rare. 


I     : 


I 
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Globigerina  aequilateralis,  Brady, 

(Plate  XII.,  fig.  125.) 

Globigerina  aequiUUeraliSy  Brady,  1884,  p.  605,  pi.  LXXX.,  figs. 
18-21.  Wright,  1886,  p.  332,  pi.  XXVII.,  figs.  9a,  6.  Chap- 
man, 1892»,  p.  517,  pi.  XV.,  figs.  14a,  6.  Id.,  1896«,  p.  589, 
pi.  XIII.,  fig.  7.  Egger,  1899,  p.  169,  pi.  XXI.,  figs.  9,  11, 
21-23.  Idem,  1907,  p.  48,  pi.  VI.,  figs,  24,  25.  Id.,  1910, 
p.  36,  pi.  IV.,  figs.  17-19.  Cushman,  1914,  p.  12,  pi.  II.,  figs. 
1-3  ;    pi.  X.,  fig.  6. 

The  Cretaceous  specimens  as  a  rule  are  depressed  and  more 
closely  coiled  than  the  recent  examples.  Those  occurring  in  the 
present  series  are  very  minute. 

Very  common  in  the  fine  washings  of  the  Gingin  Chalk. 


Globigerina  marginata,  Revss, 

(Plate  XII.,  fig.  126.) 

Rosalina  marginata,  Reuss,  1845-6,  pt.  I.,  p.  36.,  pi.  VHI.,  figs. 
64,  74  ;  pi.  XIII.,  fig.  68.  Egger,  1899,  p.  171,  pi.  XXI.,  figs. 
12-14. 

This  and  the  following  species  are  closely  related  and  have  often 
>  been  confused.     Thus  Dr.  Brady  figures  a  fossil  specimen  in  the 

•  "  Challenger  "  Report  (pi.  LXXXII.,  fig.  12a,  h)  as  O,  Unnaeana, 

X  but  which  by  its  inflated  chambers  agrees  with  Reuss'  species  from 

the  Bohemian  Chalk.  Both  species  are  superficially  rugose  and 
with  peripheral  limbation,  but  in  (?.  Unnaeana  the  chambers  are  not 
inflated.  O,  marginata  is  a  well  known  Cretaceous  species  in 
Europe  and  England. 

Very  common  at  Gingin. 

Globigerina  Unnaeana,  cTOrbigny  ap, 
(Plate  XI.,  fig.  103.) 

Rosalina  Unnaeana,  d'Orbigny,  1839,  p.  101,  pi.  V.,  figs.  10-12. 
R.  canalictdata,  Reuss,   1854,  p.   70,  pi.  XXVI.,  figs.   4a,  6. 

Globigerina  Unnaeana,  Brady,  1884,  p.  598,  pi.  CXIV.,  figs.  2la-c 

(copied  from  d'Orbigny). 
Globigerina  canaliculata,  Reuss  sp.,  Egger,  1899,  p.  172,  pi.  XXI.» 

figs.  15-17,  24-26. 

This  form  is  distinguished  by  its  concave  chambers,  being 
isomorphous  with  Discorbina  concava  and  Truncatulina  ariminensisr 
as  pointed  out  by  Dr.  H.  B.  Brady  (Rep.  Chall.,  p.  599). 

G.  Unnaeana  occurs  in  several  European  Cretaceous  faunas 
as  well  as  in  the  Crag  of  East  Anglia,  and  in  recent  soundings.  Mr. 
Howchin  recorded  it  as  very  common  at  Gingin. 

Frequent  in  my  sample. 
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Truncatulina  variabilis,  cTOrbigny. 
Truncatvlina  variabiliSf  d'Orbigny,  Howchin,  1907,  p.  43. 
Recorded  by  Howchin  from  Gingin. 

Truncatulina  wuellerstorfi,  Schwager  ap, 
(Plate  XI.,  fig.   106.) 

Ancmalina  vmellerstorfi,  Schwager,  1866,  p.  258,  pi.  VII.,  figs.    105, 

107. 
Truncatulina  wuellerstorfi^  Schwager  sp.,  Brady,  1884,  p.  662,    pi. 

XCIII.,   figs.    8,    9.     XJhlig,    1886,   p.    174,   fig.    3.     Chapman, 

1898,  p.  3,  pi.  I.,  figs.  3a-c. 

This  species  ranges  through  the  Lower  Greenaand  and  Oault 
of  England,  the  Cenomanian  or  Middle  Mcu*!  beds  of  New  Jersey, 
the  London  Clay  of  London,  and  the  Lower  Pliocene  of  Kar  Nicobar. 
It  is  generally  common  in  recent  soundings  in  high  latitudes. 

Rare  at  Gingin. 


Genus  Anomalina,  cTOrhigny, 

Anomalina  ammonoides,  Reusa  sp, 
(Plate  XI.,  fig.   107.) 

Rosalina  GmmonoideSf  Reuss,  1845-6,  pt.  I.,  p.  36,  pi.  XVIII.,    fig, 

53  ;  pi.  XIII.,  fig.   66. 
Anomalina  ammonoides,  Rss.  sp.,  Brckdy,  1884,  p.  672,  pi.  XCIV., 

figs.    2,    3.     Chapman,    1898,   p.    4,   pi.    I.,   figs.    5a-c.     Egger 

1899,  p.   152,  pi.  XVIIL,  figs.  10-12. 

This  species  is  rare  at  Gingin. 


Genus  Pulvinulina,  Parker  and  Jones. 

Pulvinulina  elegans,  d'Orbigny,  sp, 

(Plate  XI.,  fig.   108.) 

Rotalia   (Turhvlina)   elegans,   d'Orbigny,    1826,   p.    276,   No.    54. 

Pulvintdina  elegans,  d'Orb.  sp.,  Parker,  Jones,  and  Brady,  1871, 
p.  174,  pi.  XII.,  fig.  142.  Sherbornand  Chapman,  1889,  p.  487, 
pi.  XI.,  figs.  30-32.     Chapman,  1898,  p.  6,  pi.  I.,  figs.  8a  r. 

This  species  is  here  represented  by  the  shallow-water   variety 
with  depressed  test.     Rather  rare. 

Pulvinulina  cordieriana,  d'Orhi-gny  sp. 

(Plate  XI.,  figs.   109a,  6.) 

Rotalina  cordieriana,  d'Orbignjs    1840,  p.   33,   pi.   III.,  figs.   9-11. 
Egger,  1899,  p.   158,  pi.  XX.,  figs.   16-18. 

Formerly  recorded  from  the  White  Chalk  of  the  Paris  Basin 
and  from  the  Chalk  marl  of  the  Upper  Bavarian  Alps. 
Rare  at  Gingin. 
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Pulvinulina  spinulifera,  Retiss  sp. 

(Plate  XL,  fig.  110). 

Rotalia  spintdifera,  Reuss,  1862,  p.  93,  pi.  XIII.,  figs.  3a,  h,  4a-c, 

5a-c. 
Epistcmina  spintdiferat  Reuss  sp.,  Uhlig,   1883,  p.   768,  pi.   VII., 

figs.  5-7. 
Pulvinulina  npimdifera^  Reuss  sp..  Chapman,   1898,  p.   9,  pi.  II., 

figs.   la-c. 
Rotalina  apinulifera,  Rss.  sp.,  Egger,   1899,  p.   162,  pi.  XXI., 

figs.  42-44. 
With  the  exception  of  its  solitary  occurrence  in  the  Oxfordian 
[Upper  Jurassic)  of  Russia,  this  species  appears  to  be  hitherto 
known  only  from  the  Gault  and  Chalk  marl.  The  West  Australian 
sf)ecimen8  are  small  and  poorly  developed  compared  with  specimens 
from  the  English  Gault. 
Rare  at  Gingin. 

Genus  Rotalia,  Lamarck. 
Rotalia  soldanii,  (TOrbigny,  var.  nitida,  Retiss. 

(pi.  XL,    fig.  111.) 
Rotalina  nitida,  Reuss,  1844,  p.  214.     Idem,  1845-6,  pt.  I.,  p.  35, 

pi.  VIIL,  fig.  52  ;  pi.  XIL,  figs.  8,  20. 
PlficentuUi  nitida,  Rss.  sp.,  Berthelin,  1880,  p.  69,  pi.  IV.,  figs,  lla-c. 
l>i9corhina    oligostegia.    Pernor,    1892,    p.   65,    pi.  X.,    figs.    5a,    b. 
Rotalia  vmbilicatida,  var.  nitida,  Rss.,  Perner,  1897,  i)p.  54,  55,  and 

72,  pi.  VIL,  fig.  25,  woodcut,  p.  53. 
Rotalia  soldanii,   d'Orb.   var  nitida,   Rss.,   Chapman,    1898,   p.     9, 

pi.  II.,  figs.  2a-c. 
Rotalina  nitida,  Rss.,  Egger,  1899,  p.  156,  pi.  XX.,  figs.  4-6.     Id., 

1907,  p.  46,  pi.  VI.,  figs.  13-15. 
This   variety   is   smaller  and   neater  tlian   the   specific   form. 
It  ranges  through  the  Albian,  Cenomanian,  and  Turonian  of  Europe 
(<Jault  to  Chalk  marl). 
Rather  rare  at  Gingin. 

Rotalia  beccarii,  Linni. 
Rotalia  beccarii,  Linn6,  Howchin,  1907,  p.  43. 

This  species  has  been  recorded  by  Mr.  Howchin  as  rare  at  Gingin. 

Rotalia  broeckiana,  Karrer. 
Rotalia  brceckiana,  Karrer,  Howchin,  1907,  p.  43. 
Recorded  by  Howchin  as  rather  scarce  at  Gingin. 

Fam.  NUMMULINID^. 
sub-fam.  polystomellinje. 
Genus  Nonionina,  d'Orbigny. 
Nonionina  asterizans,  Fichtel  and  Moll  sp. 
Nonionina  asterizans,  Fichtel  and  Moll  sp.,  Howchin,  1907,  p.  43. 
A  single  example  was  recorded  from  Gingin  by  Mr.  Howchin. 


f  • 
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Gbkeral  Rbmabrs  on  the  Ostracodal  Fauna    op   Gingin. 

The  following  species  and  varieties  are  here  recorded  : — 
Paracypris  siliqita,  Jones  and  Hinde. 
Bairdia  arqimtay  Miinster  sp. 

Macrocypris  simplex.  Chapman,  var.  africana,  var.  nov. 
Bythocypris  howchiniana,  sp.  nov. 

Cythere   harriaiana,  Jones,  var.  reticoaa,  Jones  £md  Hinde. 
weslraHeiisis,  sp.  nov. 
lineatopunctata.  Chapman  and  Sherbom. 
Cythereis  omatissima,  Reuss.  sp. 

var.  nuda,  Jones  and  Hinde. 
var.  reticulata,  J.  and  H. 
var.  stricta,  J.  and  H. 
qvadrilatera,  Ronier  sp. 
rudispinata.  Chapman  and  Sherbom. 
tuberosa,     J.  and  H. 
Oylherapteron  concentricum,  Reuss  sp. 
CythereUa  muensteri,  Romer  sp. 
ovata,  Romer  sp. 
williamsoniana,    Jones. 

„  var.  atricta,  J.  and  H. 

chapmani,  J.  and  H. 
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Amongst  the  already  described  forms,  nine  are  restricted  to 
Gault  and  Chalk,  viz.  : — Paracypria  aliqua^  Cythereia  omatisaiTna^ 
and  vars.  n\4da,  reticulata,  and  stricta,  Cytheropteron  concentricum, 
CythereUa  muenateri\  C,  ovata,  and  C,  wHliamsoniana,  Five  are 
peculiarly  Gault  forms,  viz. : — Cythere  harrisiana  var.  reticosa, 
C,  lineatopunctcUa,  Cythereia  mdiapinata,  CythereUa  williamsoniana 
v€up.  atricta  and  C.  chapmani.  One  species  only  is  restricted  to  the 
Chalk  formation,  viz.  : — Cythereia  tuheroaa,  whilst  Bairdia  arquala 
is  a  Chalk  and  Tertiary  form.  One  species,  Cythereia  quadrUatera, 
ranges  from  the  Neocomian  to  the  Upper  CVet€iceous. 

The  balance  of  evidence  irom  the  Ostracoda  is  therefore  clearly 
in  favour  of  a  correlation  with  the  lower  part  of  the  Upper  Cretfiwseous. 
that  is,  Albiai).  Another  point  worth  especial  notice  is  the  similcfcr- 
ity  of  at  least  two  West  Australian  Jurassic  species  to  our  present 
Cythere  weatralienaia.  The  South  African  CVetaceous  in  the  neigli- 
bourhood  of  the  Buffalo  River  shows  a  striking  faunal  resemblance 
to  that  of  the  Australian. 


THE    OSTRACODA. 

Fam.  CYPRroiDiG. 

Genus  Pabacypris,  O,  O.  Sara, 
Paracypris  siliqua,  Jonea  and  Hinde, 
(Plate  XIII.,  fig.  1.) 
Paracypria  ailiqua,  Jones  and  Hinde,  1890,  p.  2,  pi.  II.,  figs.  48, 

49,  51  ;    pi.  III.,  figs.  33,  34.     Chapman,  1893,  p.  346.     Idem, 

1898,  p.  332.     Egger,  1899,  p.  179,  pi.  XXVII.,  figs.  16,  17. 

In  Britedn  this  species  is  found  in  the  Gault  of  Folkestone,  the 
Cambridge  Greensand  (derived  from  the  Gault),  and  is  well  dis- 
tributed in  the  Chalk.  In  the  latter  formation  it  h'as  been  recorded 
from  counties  Antrim  and  Londonderry,  Ireland  ;  and  from  Hor- 
stead,  Norfolk,  England.  Egger  found  this  species  in  the  Chalk- 
marl  of  the  Bavarian  Alps. 

P.  ailiqua  is  represented  in  the  present  collection  by  several 
valves  which  agree  very  closely  with  those  found  in  the  northern 
hemisphere. 

Fam.  BAIRDIDiE. 
Genus  Bairdia,  McCoy, 
Bairdia  curquata,  Munater  ap. 
(Plate  XIII.,  fig.  3.) 
Cythere  arqtiata,  Mlinster,  1830,  p.  63. 

Bairdia    arctiata,    Egger,    1899,    p.    178,    pi.    XXVII.,    figs.    1-3. 
Von   Munster  named   this   species   arquata  from   its   locality, 
Casteir   arquato,    and    the  original   spelling   should   tlierefore    be 
adhered  to. 

This  neat  and  slender  Bairdia  has  not  been  recorded  from 
the  European  Cretaceous  excepting  the  Chalk-marl  of  Bavaria. 
It  is  a  well  known  form  in  the  Oligocene  and  Miocene  of  Germany. 
It  is  very  rare  at  Gingin. 
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Genus  Macrocypkis,  Brady, 
Mfiwrrocypris  simplex,  var.  africanay  var.  nov. 
(Plate  Xin.,  fig.  4.) 
Macrocypris   simplex^   Chapman   (pars),   Chapman,    1904,   p.   233, 

pi.  XXIX.,  figs.  22,  22o,  b. 
This  variety  of  the  species  originally  described  from  the  Cam- 
bridge Greensand  was  figured  as  an  aberrant  form  of  M,  simplex  ; 
it  was  found  amongst  the  Pondoland  Cretciceous  Ostracoda.  It  is 
ctistinct  from  M,  simplex  in  the  more  strongly  curched  dorsum  and 
the  flexuous  ventral  border  ;  whilst  the  anterior  of  the  carapace 
is  not  so  acuminate. 

The  occurrence  of  this  variety  in  the  present  series  is  extremely 
interesting,  since  the  age  of  the  Pondoland  Cretcuseous  as  determined 
by  itfi  microzoa  appears  to  be  that  of  the  lower  pturt  of  the  Upper 
Cretaceous. 

One  specimen  from  Gingin. 

Genus  Bythocypkis,  Brady. 

Bythocypris  howchiniana,  sp.  nov.* 

(Plate  Xin.,  figs.  2ac  ) 

Description. — Carapcuse  seen  from  the  side,  suboval,  the  anterior 
narrower  than  the  posterior  and  evenly  rounded  ;  back  strongly 
arched  in  the  median  line  and  obliquely  rounded  towards  the 
hinder  end  where  it  meets  the  almost  straight  ventral  border  at 
an  obtuse  cmgle.  Edge  view  of  carapace  long-elliptical  with  sharp 
extremities  ;  left  valve  larger  than  right.  End  view  sub-cordate 
and  tumid. 

Length,  -8nun.  ;  height,  •4mm.  ;  thickness  of  carapace,  •28mm. 

This  species  comes  nearest  to  Bythocypris  broumei,  Jones  and 
Hinde,t  in  general  form,  but  that  the  latter  has  a  more  evenly 
rounded  carapcuse  at  both  ends. 

Two  examples  were  found  at  Gingin. 


Fam.  CYTHERED^. 
Genus  Cythere,  MiUler. 

Cythere  harrisiana,  Jones,  var.  reticosa,  Jones  and  Hinde. 

(Plate  Xin.,  fig.  6.) 
Cythere  harrisiana,  var.  reticosa,  Jones  and  Hinde,   1890,  p.   18., 

pi.  I.,  fig.  46. 
This  variety  is  usually  smaller  than  the  specific  form,  and  is 
one  of  the  smallest  ostracod  valves  in  the  present  collection. 

C.  harrisiana,  var.  reticosa  is  a  restricted  Gault  fossil,  and  has 
only  been  recorded  from  two  localities,  in  Kent  and  Surrey,  England. 
One  specimen  from  the  Gingin  Chalk. 

*  Named  after  BCr.  Walter  Howchin,  F.Q.S.,  who  previously  iuTestigated  this  fossil 

deposit, 
t  A   Supplementary  Monograph  of  the  Cretaceous  Eotomostraca  of  England  and 

Ireland.    Fal.  Soc.  Hon.  foi:  1889,  p.  13.  pi.  III.,  Figs.  88,  S9,  42,  43. 
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Cythere  westraliensis,  ap,  nov. 
(Plate  Xin.,  figs.  7o,  6,  8.) 

Description. — Carapace  seen  from  the  side,  elongate-ovate  to 
pyrifonn.  The  specimens  appear  to  fall  into  two  series,  that  variety 
which  is  elongate  having  a  subangulate  dorsal  margin,  whilst  the 
pyriform  valves  have  a  rounded  back.  The  ventral  border  is  slightly 
convex.  The  antero-  and  postero- ventral  angles  cure  sharp.  An- 
terior border  obliquely  rounded  towards  the  back  ;  posterior  more 
gently  rounded  and  narrower  than  the  anterior.  Both  extremities 
are  margined  with  a  conspicuous  flange.  Edge  view,  long-ovate, 
more  compressed  at  the  anterior  end.  End  view  broadly  ovate. 
Surface  ornamented  with  conspicuous  pittings  eurranged  in  a  quasi- 
concentric  manner.  The  post-ventral  angle  generally  bears  a  blunt 
spine. 

Length  of  larger  specimen,  1  •  08nmi.  ;   height,  •  73mm.  ;    thick- 
ness of  carapcuse,   -Smm. 

The   subpyriform   shape   and   concentric    foveolate   ornament 
of  this  species  seems  to  point  to  an  ancestral  relationship  with  the 
living  Cythere  demissa,  or  a  species  of  that  type,  several  of  which 
cure  now  found  living  in  the  Southern  Ocean.     It  is  possible  that  the 
longer  and  more  posteriorly  tumid  form  represents  the  female  of 
the  species.     At  first  sight  one  might  be  inclined  to  refer  this  species 
to  the  genus  Cytheridea.     The  hinge-line,  however,  is  in  agreement 
with  Cythsre,  and  further,  the  carapace  is  more  compressed  than 
in  typical  Cytherideas.     Closely  related  to  this  species  is  Rupert 
Jones'    Cythere  drupacea,*  with   an   ovate   and   swollen  carapace, 
recorded  in  strata  from  the  Richmond  Well  boring  at  1,205  feet, 
and  probably  on  the  Great  Oolite  horizon.     C  drupacea,  however, 
has  a  more  ])ointed  posterior  end  and  a  steeper  ventral  face,  whilst 
the  postero -ventral  spine  is  absent.     It  is  interesting  to  note  that 
C,  drupacea  is  recorded  with   some   reservation   from   the   Upper 
Cretaceous  of  East  Pondoland,  South  Africa,  t     A  variety  of  Cythere 
drupacea  (var.  Jortior)  w€w  described  by  the  writer  from  the  Jurassic 
of  the  (Jreenough  River  District,  W.  Australia  %  ;    this  form  differs 
from  C  westral iensis  in  the  particulturs  enumerated  for  the  English 
specimens  of  C.  drupacea.     Our  figure  7  suggests  a  further  relation- 
ship    with   C.    corrosa,   Jones   and  Sherborn,   var.    groasepunctata. 
Chapman,  from  the  Jurassic  of  W.  Australia,§  which  is,  however, 
a  more  tmnid  fonn,  and  having  rounder  extremities. 

Common  at  CJingin. 

Cythere  lineatopunctata,  Chapman  and  Sherborn. 

(Plate  XIV.,  fig.  9.) 
Cythere   lineatopunctata.   Chapman   and   Sherborn,    1893,   pp.    346, 
348,  pi.  XIV.    fig.  4  (marked  2  in  error  on  plate). 
A  neat  exam])le  of  this  English  Oault  species  hfius  occurred  in 
the  present  samj)lo.     The  anterior  of  the  valve  is  not  quite  so 

•  Quart.  Journ.  (Jeol.  Soc,  Vol.  XL.  1884,  p.  772.  pi.  XXXIV.,  fig.  SO. 

t  Chapuuui.  Annnls.  S.  Afrioan  Mu8eum,  Vol.  IV.,  part  V.  1904,  p.  234. 

:  Proc.  B.  8oc.  Vict    Vol.  XVI.  (N.S.)  pt.  II.  1904,  p.  199.  pi.  XX  III.,  flgfl  3,  3a,  ft. 

I  Ibi(L,  p.  20(>,  pi.  XXIII.,  fitrs.  5,  5a,  ft. 
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widely  expanded  as  in  the  Oault  specimens,  but  in  all  other  points 
it  closely  agrees  with  the  species. 

One  specimen  in  the  fine  washings  from  Gingin. 

* 

Genus  Cythebeis,  Jones, 

Cythereis  omatissima,  Reuse  ep. 

(Plate  XIV.,  fig.  10.) 

Cythertna  omalissima,  Reuss,  1845-6,  p.   104,  pi.  XXIV,,  figs.  12 

and  18. 
Cythereis  ciliata,  Jones,   1849,  p.   19,  pi.  IV.,  figs,   lla-h. 
Cypndina  muriccUa,  Reuss,  1861,  p.  60,  pi.  V.,  figs.  12o-c. 
Cythere  omatiseima,  Reuss,  1874,  p.  146,  pi.  XXVII.,  figs.  6,  6a-c. 
Cythere  {Cythereis)  omcUissima,  Jones,   1876,  pp.   79  and  81. 
Cythereis  amatissima,  Reuss  sp.,  Jones  and  Hinde,   1890,  p.   21, 
pi.  II.,  figs.  1-7,  15,  16  ;  pi.  IV.,  figs.  7,  8.     Egger,  1899,  p.  182, 
pi.  XXVII.,  fig.  36. 

This  is  one  of  the  commonest  Upper  Cretaceous  ostracods. 
It  was  most  abundant  in  zone  X  of  the  Gault  at  Folkestone.     It 
also  occurs  in  the  Chalk-marl  and  Chalk  of  many  localities  both  in 
England  and  on  the  continent  (Bohemia,  Bavaria,  etc.). 
Very  common  at  Gingin. 

Cythereis    omatissima,   Reuss   sp,,    var.    nuda,   JoTies  and   Hinde. 

(Plate  XIIL,  fig.  5;  Plate  XIV.,  fig.  11.) 
Cythereis  comuta  (non  Roemer),  Jones,  1849,  p.  21  pi.  V.,  figs.  13oe.- 
Cythereis  ornatissima,  Rss.  sp.,  Jones  and  Hinde,  1890,  p.  23,  pi.  I., 
fig.  76  ;  pi.  II.,  figs.  9,  12-14  ;  pi.  IV.,  fig.  14. 
This  nearly  smooth  variety  is  met  with  in  abundance  in  the 
Oault  of  Folkestone.  It  has  also  occurred  in  the  Chalk-marl  and 
Chalk  of  England. 

Very  common  at  Gingin. 

Cythereis  omatissima,  Reuss  sp,,  var.  reticulata,  Jones  and  Hinde, 

(Plate  XIV.,  fig.  12.) 
Cythereis  omatissima,  Reuss  sp.,  var.  reticulata,  Jones  and 
Hinde,  1890,  p.  24,  pi.  I.,  figs.  67,  68,  77  ;  pi.  IV.,  figs.  9-12. 
The  neatly  reticulated  surface  and  conspicuous  sub-central 
Ih)88  distinguish  this  variety.  It  has  been  noted  from  the  Gault 
of  Folkestone,  the  Clialk-marl  and  Chalk  of  England,  and  the  Chalk 
of  Antrim,  Ireland. 

It  is  abundant  at  Gingin. 

Cythereis  omatissima,  Reuss  sp.,  var.  stricta,  Jones  and  Hinde, 

(Plate  XIV.,  fig.  13.) 
Cythereis   omatissima,    Rss.    sp.,    var.    stricta,    Jones    and    Hinde, 

1890,  p.  25,  pi.  L,  fig.  63. 
This  is  a  small  variety  with  ewcentuated  dorsal  and  ventral 
^^es  and  a  finely  reticulated  siu*face. 

It  was  found  in  the  Folkestone  Gault  and  the  (I!halk-marl  of 
I>idcot,  England. 
Kcire  at  Gingin. 
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Cythereis  quadrilaters,  Roemer  sp. 
(Plate  XIV.,  fig.  14.) 
Cytherina  quadriUUera,  Roemer,  1840,  p.   105,  pi.  XVI.,  fig.    19. 
Cythereis  quadrUcUera,  Roemer  sp.,  Jones,  1849,  p.  18,  pi.  III.,  figs. 

lOo-/ ;  pi.  IV.,  lOg-j. 
Cythere  {Cythereis)  quadrilatera,  Jones,   1884,  pp.   766,   772,   pi. 

XXXIV.,  figs.  39-41. 
Cythereis  quadrHalerat  Roemer  sp.,  Jones  and  Hinde,  1890,  p.   20, 

pi.  I.,  figs.  69-75. 
The  present  is  a  young  example  of  the  species  defined  qa  such 
by  the  unbroken  median  ridge.  Its  history  dates  from  the  Ne- 
ocomian  (of  the  Richmond  boring),  occurring  through  the  Gault  and 
Chalk  of  England  and  the  Chalk  of  North  Germany,  Scixony,  and 
Bohemia.  A  similar  form  is  noted  from  the  Portlandian  of  Dorset 
by  Rupert  Jones. 

One  specimen  from  Gingin. 

Cythereis  rudispinata,  Chapman  and  Sherhom. 

(Plate  XIV.,  fig.  16.) 
Cythereis  rudispinata,  Chapman  and  Sherbom,  1893,  pp.  347,  348, 

pi.  XIV.,  fig.  67. 
This  species  is  cheuracterised  by  having  three  parallel  rows  of 
I  boss-like  spines  on  the  valves.     It  was  found  well  distributed  in  tiie 

{  Gault  of   Folkestone    and  has  not   since   occurred  in    any   other 

formation. 

Not  unconunon  in  the  Gingin  rock. 

Cythereis  tuberosa,  Jones  and  Hinde. 
(Plate  XIV.,  fig.  16.) 
Cythereis  tuberosa,  Jones  and  Hinde,  1890,  p.  26,  pi.  III.,  figs.  2,  3. 
This  species  originally  came  from  the  Upper  Chalk  of  Horstead, 
Norfolk,  and  has  not  been  recorded  elsewhere. 
One  example  from  Gingin. 


Genus  Cytheroptkron,  Sars, 
Cytheropteron  concentricum,  Reuse  sp, 

(Plate  XIV.,  fig.  17.) 
Cytherina    concentrica,    Reuss,    1846,    pp.    104,    105,   pi.    XXIV., 

figs.  22a-c. 
Cythere  concentrica,  Rss.  sp.,  Kafka,  1887,  p.  14,  fig.  27. 
Cytheropteron   concentricum,   Reuss   sp.,    Jones   and   Hinde,    1890, 
p.  31,  pi.  I.,  figs.  6-10  ;    pi.  IV.,  fig.  19.     Chapman  and  Sher- 
bom, 1893,  Table,  p.  347.     Egger,  1899,  p.  185,  pi.  XXVIL, 
fig.  51. 

This  species  is  confined  to  the  Upper  Cretaceous  format'ons 
(Albian  to  Senonian).  It  was  excessively  common  in  zone  X  of 
the  Folkestone  Gault.     The  West  Australian  specimens  are  typical, 


aod  abo-w,  by  tlie  ftbsenoe  of  priokles  between  the 
ihey  are  old  or  worn  esaraples. 
Common  »t  Gingin. 


Fam.  CYTHEBELLID.E. 
Genus  Cytherblla,  Jones. 
Cytherella  mueneteri,  Eoemer  sp. 
(Plate  XIV.,  fig.  18.) 
Cyiherina  muenaUri,  Roemer,  1838,  p.  616,  pi.  VI.,  £ 
Cyiherdla  muenateri,  Roemer  ep.,  Jones  and  Hind< 
pi.  III.,  figa.  63-67.     Egger,   1899,  p.   187,  pi. 
48-50. 

The  Australian  examples  are  in  every  way  compe 
Albian  to  Senonian  fosBite  of  Europe. 
.Abundant  at  Gingin. 

Cytherella  ovata,  Roemer  ap. 
(Plate  XIV.,  fig.  19.) 
Cytiuritut  ovata,  Roemer    1840,  p.  104,  pi.  XVI.,  fig 
Cytherella  ovata,  Roemer,  sp.,  Jones   1849,  p.  28,  pi.  V 
Jones  and  Hinde,  1890,  p.  44,  pi.  III.,  figs.  48 
fig.  39.     Egger,  1899,  p.  180,  pi.  XXVII.,  figa.  5 
This  is  a  widely  distributed  Cretaceous  specief 
:n  the  Gault,  Upper  Greensand  and  Chalk  of  Englui' 
It  IB  also  a  well  known  foesil  in  the  European  Cretai 
bt«n  doubtfully  recorded  froni   the  Neocomian  of   1 
of  the  present  specimens  closely  approach  C.   obovo 
Hinde,  &om  the  Chalk  of  Kent,  in  having  unequally 
Frequent  at  Gingin. 

Cytherella  wiliiamsoniana,  Jones, 
(Plate  XIV..  fig.  20.) 
Ci/therelia  ■wiUiamaoniana,  Jones,  1849,  p.  31,  pi.  VI 
Bosquet,  1854,  p.  62,  pi.  V.,  figs.  2a-d.     Reuss, 
pi-  XXVIII.,  figs.  9,  10a.  6.     Marsson.  1880,  p. 
figs.  8o-c.     Egger,  1899,  p.  188,  pi.  XXVII.,  fli 
TTie  Australian  speciniens  have  the  median  lat 
'.f   a    curved   ridge   very   pronounced.     Previously   : 
the  Gault  of  Kent  and  Surrey,  the  Upper  Greensoi 
1 1,  of  Wight),  and  the  Chalk  of  the  South-east  of  En 
and  Ireland.     In  Europe  it  occurs  in  the  Chalk  of  S 
I.  of  Rugen. 

Common  at  Gingin. 
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Cytherella  williamsoniana,  Jones^  var.   stricta,  Jones  and   Hinde, 

(Plate  XIV.,  fig.  21.) 
Cytherella   wUHamsoniana,    var.    stricta,    Jones    and   Hinde,    1890, 

p.  48,  pi.  III.,  fig.  71. 

Elsewhere  this  variety  is  confined  to  the  Gault  of  Kent  and 
Surrey. 

Rare  at  Gingin. 

Cytherella  chapmani,  Jones  and  Hinde, 

(Plate  XIV.,  fig.  22.) 

Cytherella  chapmani,  Jones  and  Hinde,  1890,  p.  49,  pi.  III.,  fig.  70. 

In  this  species  the  median  ridges  fonn  a  compressed  spral. 
Hitherto  known  only  from  the  Gault  of  Folkestone  and  Godstone, 
England. 

One  specimen  at  Gingin. 
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EXPLANATION    OF    PLATE    L 


Kg.    l.—SpirohctUina  aspenUa,  Karrer  sp.,   x37. 
n      2.—Miliolina  veniista,  Karrer  sp.,   x37. 
n      Z.~-Mct99Uina  ginginensis,  sp.  nov.,   x37. 
..      4,—Rhizammina  indiviaa,  Brady,   x37. 
n      5.—Placopsilina  cenomana,  d'Orb.,   x37. 
n      Q.—Haplostiche  scldanii,  Jones  and  Parker  sp.,   x  18. 
»      T .—Ammodiacua  incerim,  d'Orb.  sp.,   x37. 
8.—  „  gauUinus,  Berthelin,   x37. 

9.—Textularia  turris,  d'Orb.,   x37. 


t» 


^ 


14  ^18 


13  20 


21  22 
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EXPLANATION    OF    PLATE    II. 


^ig.  \0.—Haplophragmium  agglutinans,  d'Orb.  ap.,   x37. 

n  W.—Textularia  gibbosa,    d*Orb.,  x37. 

^  12.—         „  gramen,  d'Orb.,   x37. 

^  IZ.—Bigenerina  compressitmcula,  sp.  nov.,  Holotype,    x37. 

"  ^^'~^        "  »»  „      Paratype,   x37. 

^  l5.—Spiroplec4a  sagiUula,  Defr.  sp.,   x37. 

»  16.-—  „         anceps,  Reuss  sp.,   x37. 

•»  1"- — Guembelina  globulosa,  Ehrenberg  sp.,   x37. 

"  18—  „  glofnfera,  Reuss  sp.,   x37. 

«  19.—  „  jfolt/stropha,  Reuss  sp.,   x37. 

»  20.— G^au^ytna  pupoides,  d*Orb.,   x  37. 

»  21.—         ,,  rugosa,  d'Orb.,    x37. 

n  22.—Clavultna  communis,  d'Orb.,   x22. 
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EXPLANATION    OF    PLATE    III, 


Fi? 

23 

n 

24 

«» 

25 

•« 

26 

'J 

27. 

'* 

28 

J» 

29 

•» 

30 

•• 

31. 

•» 

32. 

n 

33 

-Lagena  globosa,  Montagu  sp.,   x37. 
„      apiculata,  Reuss  sp.,   x37. 
„      aapera,  Keuss,   x37. 
-Sodosaria  (Denialina)  pauperata,  d'Orb.  sp.,    x37. 
(Z).)  distincta,  Reuss,   x37. 
sciuta,  Reuss,    x37. 

„      var.  discrepans,  Rss.,    x37. 
anmilata,  Rss.,    x37. 
„         Rss.,  xl8. 
communis,  d'Orb.,   x37. 
cansobrina,  d'Orb.,  var.  emaciata,  Rss.,    x37. 


Bol,  Survey. 
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EXPLANATION    OF    PLATE    IV. 


r?  35. 

-.  36. 

••  37. 

..  38. 

..  39 

-  40 

„  41. 

M  42. 

..  43. 


-Xoeloftaria    (D.)    lomeiana,  d'Orb.,    x37. 

filiformis,  d'Orb.,   x37. 

retrorsa,  Rss.  sp.,   x37. 

intercellularis,  Brady,    X'H 

costelkUa,  Rss.,   x37. 

ohliqua,  Linji6  sp.,   x37 

sulcata,  Nilsson.,   x37. 

paupercula,  Rss.,   x37. 
ofjscura,  Rsa.,   x37. 
prismatira.  Rag.,   x37. 


»» 
»t 
»» 
»» 


44  Plato  V,  Sjtlletin  No.  7 
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EXPLANATION    OF    PLATE    V, 


I'ig.  44.— 

i<  4o. 

M  46. 

».  47. 

«  48. 

n  49. 

M  50. 


Frondicularia  omata,  d'Orb.,   x37. 

archiaciana,  d'Orb.,   x37. 
chapmani,  Pemer,   xl8. 
lanceola^  Reuss,   x37. 
inversa,  Reuss,   x37. 

99  »»  X  tj7. 

apiculata,  Rss.,    x37. 


fleol.  Survey,  ^'^ 
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EXPLANATION    OF    PLATE    VL 


Fig.  51. — Frondicularia  sherbomi,  Perner,   x37. 

marginata,  Rsa.,   x37. 
decheni,  Rss.,   x37. 
gauUina,    Rss.,   x37. 
„       .  x37. 

wigeri,  Rss.,    x37. 
peravata,  Chapman,    x37. 


52.— 

»» 

53.— 

»» 

54.— 

>» 

55.— 

»» 

56.— 

9* 

57.— 

BuUelin   ^^o.  7S. 


n 


%- 


73 


EXPLANATION    OF    PLATE    VII. 


Fig,  58. — Frondicularia  gnestphalica,  Rss.,    x37. 
„    i»9. —  „  ihtermitten^,  Rss.,    x37. 

M    ^).~~  „  cordai,  Rss.,    x37. 

"61—  „  lanccolrAa,  Pemer,    x37. 

"    ^2—  „  angusta,  Nilsson,    x25. 

.,     i^.—Marginulina  cn-sfntn,  Bat8ch  sp.,    x37. 

"    f>4.--  „  ,,       var.  with  cristollarian  eomnunuvnicnt, 

•'    65—  „  glfifn-a,  clDrb.,    x37. 

.,    66, —  ,,  inaequ(diM^  Reiiss,    y  37. 


•  t  I 


cy 
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EXPLANATION    OF    PLATE    VIIL 


Fig.  67. —  Vaginulina  legufnen,  L.  sp.,   x24. 

„  68. —  „  comitinaj  Berthelin,   x37. 

„  69. —  „  strigiUata,  Reuss  sp.,   x37. 

„  70. — CrUteUaria  planiusculoy  Reuss,   x37. 

,,  71.—  „  lituola,  Rss.,   x37. 

„  72.—  „  graia,  Rss.,   x37. 

„  73. —  „  gladitu,  Phillippi  sp.,   x37. 

„  74. —  „  acutauricularis,  F.  and  M.  sp.,   x37. 

„  75. —  „  ov€Ui8,  Rss.,   x37. 

„  76. —  „  schloerUxichi,  Rss.,   x37. 

„  77. —  „  bronni,  Roemer  sp.,   x37. 
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EXPLANATION    OF    PLATE    IX. 


fig.  78. — Criatellaria   italica,  Def ranee  sp.,   x37. 
79. —  ..  navictUa,  d*Orb.,   x37. 


n 

80.— 

,          trianguiaris,  d'Orb.,   x37. 

*• 

81.— 

y          digostegia,  Rss.,   x37. 

•* 

82.— 

gibba,  d'Orb.,  +37. 

•» 

83.— 

,          articukUa,  Rss.,   X37. 

♦t 

84.— 

,          subakUa,  Rss.,  x37. 

fi 

85.— 

,          gavUma,  Rss.,   x37. 

•» 

86  — 

,          rotukUa,  Lam.  sp.,  x37. 

.1 

87  — 

„       var.  macrodisciM^  \inn.. 

X37 
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EXPLANATION    OF    PLATE    X. 


^'ly     HS.—Cristellaria    circuincidanea,  Berthelin,   x24. 
89.—  „  diademata.  Berth.,    x37. 

90.~~Flabdlina   rugosa,  d'Orb.,    x37. 
91.—         „  interpunciatay  von  der  Marck.,    x37. 

92. — Polymorphina  aororia^  Rss..    x37. 
93. —  „  anguHia,  Egger,    x37. 

94.—  „  conipres-^Of  d'Orb.,    x37. 

95.^ —  „  communis,  d'Orb.,    x37. 

96. —  „  lactea,  W.  and  J.  sp.,    v37. 

^l.—Sagraina  maitlandiana,  sp.  nov.,    x37. 
98.—        „        asperula.  Chapman,   x37. 
99. —        „        mcmilef  gp.  nov.,   x37. 
HX». — Ramulijia  aculecUa^  d'Orb.,  sp.,    x37. 
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EXPLANATION    OF    PLATE    XL 


triieKbtiina  larni    hollas  9))      X37 
J»!,,rijM   rrfUtcm    d  Orb      x37 

txanieaiia   d  Orb      ^  3". 
Triincaiattn  I  Mialula    Vi     and    '■  "P  ■ 
rm.-vj-«    RiiisK      /37. 
rueil'mtorji    Sch»»gpr  8|>..    > 
nvmalina  aniiiumoidea    R»s    sp       <37. 
Hrinulina  fkga«'    d  Orb    sp      x37. 
'.  .,  rorilifriana.  d'Orb.,  ip.,    X 

,piH'<li}eTa.  Rsa.  »p„    >C37- 
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EXPLAMATIOK    OF    PLATE    XIL 


'iliolina  vfnaila,  KarreT  ap,,   x37. 
nropUcIn   pratlonga,  Ras.  gp.,   x3' 

„  ancTM,  Rb8.  ap.,    x3T. 

nJimitia  iwiafii/M,  d'Orh,,    X37. 
■iirina  obioUla,  Eley  sp.,   x''4. 
Mfomna  juJVirlfnuofa,  Scfawager. 
„         ptrpugiUn.  Chapman.   x7 
(i>,)  fcnumm,  ReuM,   x3' 
•itidlaria   iripUara,  Rag.,   X37- 
„  (rmtcuIaJa.  Berthelin.   x 

lalifnma.  Brady,   x  37, 
tobigerina   buUoidrn,  d'Orb.,   x37. 
rrttarta,  d'Orb..   x37. 
„  ittquitalfratia,  Bnuly,    y. 

.,  Toarfinnta,  Rss,,    xT4. 

phaeroidina  Mloidet,  d'Orb.,   x37. 
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EXPLANATION    OF    PLATE    XUl. 


icsprii  sUiqua,  Jonea   and   Hinde.    Carapace   aeen   Irom   the 

right,   x3T. 
in. — ByOtoeyprit  hmrehiniana,  sp.   dot.    a  Caiapaoe  seen  from 

the  right ;     b  Edge  view  ;   c  End  view,   X3T. 
■dia  arqitata,  Mnnrter  sp.    Carapaoe  seen  from  the  right,   x37. 
Tocyprie  simpiex.  Chapman,  var.  afneana,  hot.    Right  valve, 

x37. 
itreu  ornatUnma,  Rsb.  sp.,  var.  nuda,  Jones  and  Hinde.     Right 

lere  harrinana,   Jonea,   var,   rrtkoM,  Jonea  and  Hinde.    Left 

valve.   x37. 
Jc.—Cytkert  leatToiieruit,   sp.  nov.      o.  Left  valve ;    6  Edge 

view;   c  End  Tiew,   x37, 
*re  wfMralienna,  sp.  nOV.     Left  valve,  T(J,   x37. 
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EXPLANATION    OF    PLATE    XIV. 


2.   0    -Ctfthere  lintatopunctata,  Chapman  and  Sherborn.    Right  valve,  x55. 

•  X^^.—Cytherf.is  omatwsima,  Rss.  sp,,    Right  valve,    x37. 

•  11-        „  „  var.   nuda^  Jones   and  Hinde.    Left   valve, 

x37. 

'    1-.—        „  „  VAT.  reticulata,  J.  and  K.    Right  valve,  x37. 

"    13—        ,,  ,,  var.  strictaf  J.  and  H.    Right  valve,   x37. 

•  \i.  -Cytherein  quadrilateral  Roenier  sp.     Left  valve,   xoo. 
lo.~-Cyrt^e«  rudispinataf  Chapman  and  Sherborn.     Left   valve,   x37. 

••  l^.—Cythereis  tuherosa,  J.  and  H.     Right  valve,   x74. 

..  17. — Cythercfpteron    concentricum,    Reuas    sp.    Carapace    seen   from    the 

right,   x  37. 

-  ^^—CythereUa  muensleri,  Roemer  sp.    Left  valve,  x37, 

..  \^   -Cytkerella  ovata,  Roemer  sp.     Right  valve,  x37. 

'  20.— Cy(^«rc/Za  wiUiatn»oniana,  Jones.     Left  valve,   x37. 

•  '^\ r-^^ythereUa  williamsoniana,  var.  stricta,  J.  and  H.    Left  valve,   x37. 

•  ''2.~~CyfhereUa  chapmani,  Jones  and  Hinde.     Left  valve,  x  37. 
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A7/. — Girvanella  in  The  Cainbrian  Rochs 

OF 

Xoj'th'  West  viustralia. 

BY 

R*    ETHERIDGE,   Jr., 

Curator,    The  AuatraUmn  Muteum,   Sydaey, 

WITH  ONE  PLATE    XV. 


The  obscure  organism  known  as  Girvanella  has  already  been 
fiH't  with  in  the  Cambrian  of  Victoria  and  South  Australia,  in  cer- 
tain Victorian  Silurian  limestones,  and  possibly  also  in  the  Carbon- 
ilenjus  of  Xew  South  Wales  and  Queensland. 

For  a  full  account  of  the  affinities  and  distribution  of  Girvanella 
tlie  reader  is  referred  to  Mr.  F.  Chapman's  paper  "On  the  Relation- 
ship of  the  Genus  Girvanella,  and  its  Occurrence  in  the  Silurian 
limestones  of  Victoria."  • 

My  attention  was  some  time  ago  attracted  by  pellets,  or  small 
nodular  masses,  occurring  in  the  Salterella  Limestone  of  the  Ord 
fiiver,  Kimberley.  To  the  naked  eye  these  appear  either  as  oval  or 
ri»uiid  masses  of  20-25mm.  approximately,  and  on  closer  inspection 
3re  found  to  be  made  up  of  concentric  layers. 

Thin  slices  prepared  for  the  microscope  at  once  revealed  tlie 
nature  of  these  masses — a  peculiar  arrangement  of  Girvanella-Mke 
*iihes,  layer  uf  on  layer,  as  in  Girvanella  incrustanSy  Rornemann,t 
"^'(•urring  in  the  Cambrian  of  Sardinia.  The  tubes  appear  to  form 
tlieir  own  concentric  layers,  without  the  inter\'ention  of  any  layer- 
tf»nning  medium,  and  either  repose  on  and  intertwine  with  one 
another  (so  forming  a  lamina),  or  stand  erect  at  ri;rht  angles  to 
l"e  so-formed  layer,  or  again  indistinguishably  entwined  and  twisted 
airsrregations.  But,  no  matter  which  of  these  three  conditions  exist, 
'■^re  is  nsrally  a  free  and  unoccupied  space  between  the  top  of  one 
"lamina"  and  the  base  of  that  above.  The  edges  of  these  spurious 
layers,  cut  in  a  section,  are  either  in  one  plane  or  undulating.  This 
'i<^Jrree  of  regularity  does  not  exist  throughout  an  entire  pellet,  but 
^PieaiiJ  here  and  there,  the  remainder  of  its  substance  becoming  a 
''"nfi'sed  mass  of  tubes:  stilL  on  the  whole  this  concentricity  is  cer- 
tainly a  marked  feature  of  this  Ord  River  form. 

The  pseudo-laminae  are  produced  in  the  first  instance  by  a  close 
^Homeration  or  intertwining  of  the  tubes,  but  this  close  contact 

•  Chapman  :  Proc.  Austr.  A^soc.  Adv.  Sci.  for  '907.  XT  ,  19(»8,  p.  377. 

^  Bornemann  :  Vers.  Camb.  Fchich.  Insel  Snrdinieii,  1886,  p.  18,  pi.  2,  fign.  1  and  2. 
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soon  breaks  up,  and  the  tubes  then  become  as  stated  in  a  i)recedmg 
paragrai)h.  The  inter-laiuinar  spaces  consist  of  a  semi-clear  mau- 
ma,  not  matrix  infilling,  with  tubes  loosely  scattered  through  it.  So 
far  as  my  power  of  magnification  enables  me  to  judge  the  tubes  are 
entire  and  non-segmented,  neither  moniliform,  nor  annulate,  or 
furcate;    the  diameter  on  the  average  is  .017  mm. 

The  principal  section  revealed  the  presence  of  a  foreign  body, 
apparently  a  low  form  of  coral  life,  as  a  nucleus,  around  which  the 
Girvanella  had  grown;  to  its  other  characters,  therefore,  may  be 
added  that  of  an  encrusting  or  enveloping  nature. 

The  Girvanella  detected  in  association  with  Archaeocyathina?  in 
the  Soifth  Australian  Cambrian  w^as  noted  as  closely  resembling  the 
before-mentioned  G.  {Siphonema)  incrustans^  Bornemann,  from  Viv 
Baltic  Silurian.*  In  this  enveloping  habit,  the  present  form  re- 
sembles G.  sinetisisj  Yabe,f  from  China,  and  probably  of  (Carbon- 
iferous age;  tliis  appears  to  me  to  differ  but  little  from  G.  ittcrus- 
tans.  Both  envelop  foreign  bodies,  both  are  concentric  in  structure, 
and  seem  to  differ  only  in  the  matter  of  diameter,  that  of  the  fii'st 
being  .01  mm.,  and  that  of  the  second  .015  to  .02.  The  Kimberley 
Girvanella,  on  the  other  hand,  differs  from  both  in  its  uniform  and 
non-moniliform  tubes,  and  in  size  is  practically  intermediate  between 
them.  In  this  uniformity  of  size  we  see  a  close  approach  to  the 
generic  type,  G,  prohlematica,  Nich.  &  Eth.  fil,t  but  here  again  size. 
1.20-1.(:0  mm.,  steps  in  as  an  obstacle  to  identity.  On  the  other 
hand,  if  the  enveloping  Girvanella  of  the  Wenlock  Limestone  de- 
scribed by  Mr.  E.  Wethered$  be  G.  problematical  the  connection  l)e- 
tween  this  and  the  Ord  River  form  is  increased  by  the  remarkable 
variation  in  the  tube  diameter,  .02,  .08,  .05  mm.,  etc. 

I  cannot  satisfactorily  identify  this  Girvanella  with  any  other, 
the  descriptions  of  which  I  have  access  to,  and  simply  content  my- 
self by  calling  attention  to  its  occurrence  in  the  Cambrian  of  Xorth- 
West  Australia,  and  associated  with  Salterella  hardmaniy  Eth.  fll. 

•  Ethendife :  Trans.  K.  S<)c.  S.  Austr.,  XllL,  1890,  p.  1».  ^ 

♦  Yabe:  Sci.  Reports  Tohokn  Imp.  Univ.,  2d.  Series  (Geology),  I.,  heft  1.  1912,  pt.  I., 

!  Nicholson  &  EtheridKe  :  Mon.  Sil.  Foss.  Oirvon.  Fas.  I.,  1878,  p.  23. 
f  Wethered  :  Qimrt.  Jour.  Gcol.  Soc,  XLIX  .  1J^93,  pi.  VI. 
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PREFATORY    NOTE* 


This  Bulletin  forms  one  of  the  series  designed  to  be  descrip- 
tive of  the  North  Coolgardie  Goldfield;  it  deals  exclusively  with 
the  Yerilla  District,  which  forms  the  easternmost  portion  of  the 
field. 

Although  mining  in  the  district  has  been  carried  on  since  the 
year  1805,  ver>'  little  ore  has  been  raised;  the  deepest  workings 
nowhere  exceed  400  feet,  and  efforts  have  been  expended  in  many 
places-  The  total  quantity  of  ore  raised  and  milled  in  the  district 
up  to  the  close  of  1915  amounts  to  209,529  tons,  yielding  188,502 
ozs.  of  fine  gold,  in  addition  to  which  8,8(16  ozs.  of  alluvial,  doUiel, 
and   specimen  gold  were  reported  to  the  Government. 

The  area  covered  by  the  report  amounts  to  about  5,000  square 
miles,  and  the  field  work  occupied  Mr.  Honman,  the  geologist  en- 
trusted with  the  work,  about  ten  months. 

The  country  embraced  by  the  Survey  falls  within  portions  of 
the  40-chain  lithographs  L26,  L27,  L28,  L50,  and  L90,  issued  by 
the  Department  of  Mines,  and  sheets  33  and  34  of  the  300-chain 
series  of  the  Department  of  Lands  and  Surveys. 

The  frontispiece  to  this  Bulletin  is  a  general  map  of  the  whole 
of  the  North  Coolgardie  Goldfield,  as  legally  defined,  and  upon  it 
has  been  shown  the  present  condition  of  our  knowledge  of  the 
ireology. 

An  important  feature  in  the  geology  of  the  district  is  (lie 
oeeurrence  of  a  continuous  belt  of  sedimentary  rocks,  about  two 
or  three  miles  in  width,  which  has  a  horizontal  extent  of  about 
25  miles  and  a  general  strike  of  north-west  and  south-east.  The 
beds  are  in  all  probability  continuous  with  that  series  which  occurs 
to  the  south-eastwards  in  the  vicinity  of  Gilgarna  (Lands  Dept. 
;:00-ehain  litho.  No.  26).  The  sediments  consist  of  conglomerates, 
rine-srained  grits  and  phyllites,  intersected  by  dykes  of  porphyry. 
It  has  not  been  found  possible  to  obtain  a  reliable  basis  for  an 
esftimate  of  the  thickness  of  the  sedimentary  series  to  he  made;  it 
would,  however,  appear  to  be  considerable.  Tlie  series  is  traversed 
by  quartz  reefs  which,  where  observed,  were  found  to  lie  parallel 
to  the  bedding  planes  of  the  sediments;  the  reefs  have,  however, 
only  yielded  295.45  ozs.  of  fine  gold,  or  with  an  average  of  1.35  ozs. 
per  ton  of  ore  milled.  No  definite  evidence  has  been  discovered 
in  the  district  as  to  the  stratigraphical  po^^ition  of  the  series, 
though  there  seem  sound  reasons  for  believing  it  to  be  Pre- 
Cambrian. 


Occurring  in  the  district  is  the  belt  of  ferruginous  cherts  or 
quartzites  (jaspilites),  whicli  has  been  followed  for  a  distance  of 
about  50  miles  in  a  general  north- westerly  direction.  The  belt 
first  makes  its  appearance  in  the  southern  portion  of  the  district, 
to  the  west  of  Pingin,  and  can  be  followe.l  without  interruption 
northwards  via  Edjudina  and  Mount  Millicent,  ultimately  disap- 
pearing on  the  shores  of  Lake  Carey  to  the  eastward  of  Yunda- 
mindera.  The  beds  are  arranged  in  a  series  of  steeply  incline! 
anticlinal  folds,  the  trend  of  which  is  parallel  to  that  of  the  strati 
forming  tlie  Yilgangi  belt.  Some  of  the  greenstones,  believed  t) 
be  basic  lava-flows,  w^ith  which  the  jaspilites  are  associated,  exhibit 
a  marked  bedded  structure,  rnd  it  may  be  that  some  are  of  seli- 
mentary  orij^in.  Interbeddel  with  tliess  is  a  graphitic  shale,  re- 
sulting from  the  contact  metamorphism  of  an  aluminous  carbon- 
aceous shale. 

Bands  of  seri)e2itine  and  dolomite  oc?ur  in  parallel  belts  whie'i 
coincide  in  strike  w-ith  the  jaspilites  and  their  associates;  thi^e 
serpeutinous  rocks  may  perhaps  owe  their  origin  to  the  alteration 
of  dolomitic  limestones  associated  with  the  other  metaniorphi- 
rocks. 

The  beds  of  which  the  Pingin-Edjudina  belt  is  composed  ranue 
from  almost  pure  quartz,  through  jaspilite,  to  high-grade  hematite, 
with  a  little  magnetite.  Analyses  of  these  ferruginous  rocks  show 
them  all  to  contain  a  high  percentage  of  silica  and  a  relatively  low 
iron  content;  many  of  the  dej  osits,  however,  could  readily  be  con- 
centrated to  high-grade  iron  ores,  though  their  geographical  posi- 
tion puts  them  under  present  conditions  entirely  beyond  the  reach 
of  commercial   enterprise. 

A  very  large  area  of  the  district  is  made  up  of  granite  an  1 
rocks  genetir-ally  allied  tliereto.  The  granite  occurs  in  three  dis- 
tinct belts  which  have,  when  viewed  broadly,  a  general  paralloli-jni 
one  to  the  other,  north-westerly.  Tiie  central  granite  belt,  which 
varies  very  much  in  its  lithological  constitution,  extsn'ls  without 
interruption  from  Calvallv  Soak  north-westwards  to  Yunrla- 
mindera,  has  in  many  i  laces  undergone  dynamic  deformation  re- 
sulting in  the  production  of  granitic  gneiss. 

In  many  localities  along  the  marginal  contact  with  the  sur- 
rounding greenstones  there  is  a  marked  increase  in  basicity,  pro- 
ducing rocks  containing  large  quantities  of  hornblende. 

There  is,  in  addition  to  the  above,  a  series  of  ancient  amygila- 
loidal  lavas,  with  tufl's  and  agglomerates,  into  which  dolerite  pene- 
trates as  small  dvkes. 

A  noticeable  economic  feature  in  the  Yerilla  District  is  the 
grouping  of  the  gold-bearing  quartz  reefs  in  the  greenstone,  in  the 


vieinity  of  the  intrusive  prranite.  Rome  of  the  quartz  reefs  may 
rK?  found  to  pass  in  depth  out  of  the  greenstone  into  the  granite, 
and  as  they  appear  to  have  been  formed  after  the  intrusion  of  it, 
the  reefs  need  not  be  expected  to  disaprear  on  meeting  a  different 
*=<^>untry  rook.  Such  evidence  as  is  available  seems  to  indicate  that 
the  srold  occurring  in  the  reefs  and  lodes  owed  its  origin  to  mag- 
rratie  waters,  emanating  from  the  granitic  magma  in  which  it  was 
oriirinally  contained. 

The  mining  centres,  in  nearly  all  cases,  occur  in  those  areas 
whieh  have  undergone  considerable  dynamic  disturbance,  rep  re- 
sell tetl  by  shearing  and  faulting. 

The  quartz  reefs  range  from  veinlets  a  fraction  of  an  inch  in 
width  to  solid  veins  sometimes  as  much  as  30  feet  thick;  thev  dip 
at  jsteep  angles,  and  as  a  rule  conform  closely  both  in  dip  and  strike 
to  the  structural  planes  of  the  enclosing  rocks. 

The  mineralogy  of  the  gold  ores  is  simple,  quartz  being  the 
f^redominant  gangue  mineral,  which  is  mostly  uniform  in  cliar- 
aeter.  Sericite,  galena,  and  pyrites  are  not  unusual  associates  of 
the   jrold. 

While,  as  pointed  out  in  1903,  after  a  careful  reconnaissance 
in  the  district,  it  is  by  no  means  improbable  that  there  are  ore 
dej:f»sits  which  yet  await  discovery,  the  prospects  for  any  im- 
portant addition  to  the  known  gold-bearing  localities  is  not  by  any 
means  hopeful.  Attention  might,  however,  be  given  to  the  search 
for  new  ore-bodies  along  the  trend  of  the  two  main  fault  lines 
wliir-li  traverse  the  district.  If  the  gold  production  is  to  be  main- 
tained, or  even  increased,  it  is  rather  to  be  looked  for  in  the  minos 
already  in  existence  than  in  the  discovery  of  new  one!?. 

The  statistics  of  gold  production  have  been  compiled  from 
data  furnished  by  the  Statistical  branch  of  the  Mines  Department, 
and  the  plans  and  sections  of  the  underground  workings  have  been 
base<l  on  the  j)lans  which  the  mine  owners  lodge  with  the  Govern- 
ment in  comi)liance  with  the  Mines  Regulation  Act. 

Mr.  Honman  having  joined  the  Expeditionary  Forces  for 
ser\-iee  at  the  Front,  was  not  able  to  devote  as  much  time  to  the 
preparation  of  the  report  on  his  field  work  as  would  otherwise  havt^, 
been  the  case. 
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THE     GEOLOGY    OF    THE     NORTH     COOLGARDIE 

GOLDFIELD. 


PART  T. 


THE  YERILLA   DISTRICT. 


INTRODUCTION. 

The  Yerilhi  District  is  the  easternmost  portion  of  the  North 
r.M>l<2:ardie  GoldHeld,  and  is  bounded  on  the  north  by  the  Mt. 
Margaret  GoldHeld;  on  the  south  by  the  North-East  Coolj^ardie 
GoldHeld;  on  the  west  by  the  Menzies  and  Niagara  Districts  of  the 
North  Coolgardie  Goldfield;  and  on  the  east  by  an  indefinite  tract 
of  sand  and  spinifex.  The  area  surveyed  comprises  a  square  block 
of  country,  roughly,  70  miles  by  70  miles,  and  covers  an  area  of 
o.OOO  square  miles. 

The  following  mining  centres  are  included  in  the  district : — 
Linden,  including  Mt.  Howe  and  Mt.  Celia; 
Edjudina  and  Yarri; 
Pingin; 

Yundamindera    (The  Granites),  including  Pyke's   Hollow, 
Pennyweight   Point,   and   Eucalyptus;   and 
Verilla,  iucludine:  Mt.  Remarkable. 

The  (ield  (perations  were  based  on  the  following  plan: — 

(1)  A  complete  delineation  of  the  different  class  of  rocks, 
showing  their  relation  to  the  distribution  of  gold 
and  other  minerals. 

i'l)    A  more  detailed  study  of  the  different  mining  centres. 

('.])  An  examination  of  all  w^orking  mines  and  aband(med 
mines  which  might  deserve  further  attention. 

In  connection  with  the  east  portion  of  my  work,  I  have  to 
thank  the  mine  managers  and  prospectors  of  the  district  for 
valuable  information  and  assistance. 

The  field  work  was  commenced  towards  the  end  of  1015  and 
continued  for  the  greater  part  of  1916.  Upon  completion  in 
October,  1916,  10  months  in  all  had  been  spent  in  the  field. 


14 

In  1903,  Mr.  A.  Gibb  Maitland  made  a  tour  of  the  Yerilla 
District.  In  his  report  Mr.  Maitland  g:eueralises  upon  the  cfeolojfy 
of  the  various  centres,  and  besides  describing  the  mines  as  they 
existed  at  that  time,  he  has  drawn  a  geological  sketch  map  of 
Yarri  and  Edjudina. 

In  1903  and  1905,  Mr.  A.  Montgomery  visited  and  reported  on 
the  state  of  mining  at  Yarri,  Edjudina,  Pingin,  and  Yerilla- 

Mr.  Maitland's  report  apiieared  as  Bulletin  No.  11  of  the  Geo- 
logical Survey  Department,  and  Mr.  Montgomery's  in  the  AnnuaJ 
Reports  of  the  Mines  Department  for  the  years  1903  and  1905. 

The  total  production  of  gold  from  the  Yerilla  District  to  the 
end  of  1915,  as  reported  to  the  Mines  Department,  is  as  follows: — 
Alluvial,  1,238.75  fine  ozs.  Dollied  and  specimens,  7,567.99  tine 
ozs.  Ore  treated,  209,529.92  tons  (2;2401bs.)  Gold  therefrom, 
183,502  fine  ozs.  This  gives  an  average  of  17.5dwts.  for  ore 
crushed. 

The  total  production  of  the  Yerilla  district  represents  10.5  per 
cent,  of  the  total  production  of  the  North  Coolgardie  Goldfield, 
which  is  6.5  per  cent,  of  the  total  gold  production  of  the  State, 
therefore,  the  total  production  of  the  Yerilla  District  is  less  than 
1  per  cent,  of  the  total  production  of  the  State. 

Appended  to  this  report  is  a  complete  list  of  all  the  mines  and 
their  records  to  the  end  of  1915,  which  has  been  kindly  supplied 
by  the  Statistical  branch  of  the  Mines  Department. 

For  minerals  otlier  than  gold,  the  production  is  nil,  exclusive 
of  03  ozs.  of  silver  produced  with  the  gold. 

I  have  to  thank  Mr.  Farquharson  for  a  number  of  petrologieal 
determinations.     His  notes  form  an  appendix  (ii.)  to  this  re]Tort. 

rilYSJCAL  FEATURES. 

The  physiography  of  the  Yerilla  District  is  similar  to  other 
]:)aits  of  the  Eastern  Gold  fields  which  have  been  more  fully  described 
elsewhere  at  vaiious  times  by  the  oilicers  of  the  Geological  Survey. 

The  physical  features  are  best  divided  into  three  groups: — 

(1)  The   Higher-land. 

(2)  The  Lower-land,  or  Plairis. 

(3)  The  Drtj  Salt-lake  country. 

All  three  more  or  less  encroach  on  each  otlier. 

(1)  The  IIi(jher-land  of  this  district  may  be  said  to  be  divided 
into  four  belts,  by  the  three  dry  lakes  which  cross  tlib  district  in  a 
north-west  and  south-east  direction,  viz..  Lakes  Carey,  Raeside, 
and  Rebecca.    These  higher-land  belts  may  be  named  as  follows: — 

(a)  The  Mt.  Wilga  higher-land. 

(b)  The  Yundamindera-Linden  higher-land. 

(c)  The   Yerilla-Edjudina    higher-land. 

(d)  The  Carr-Boyd  Rock-Mt.  Ballona  higher-land. 
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Generally  speaking:,  these  belts  of  higher-land  are  parallel  to 
each  other  and  the  dry  lakes,  but  cross  the  general  strike  of  rocks 
which  is  north-north-west,  and  that  usually  prevailing  in  the 
Eastern   Goldficlds. 

Taking  the  physiography  of  the  higher-land  generally,  apart 
from  their  parallelism  to  the  lakes,  the  ranges  and  other  physical 
f«*atiires  individually  conform  to  the  geological  structure  of  the 
e<mntr>'  rocks.  These  cross  the  higher-land  belts  obliquely 
in  a  north-north-west  direction  and  conform  to  the  strike  of  the 
different  kinds  of  greenstones,  the  hematite  quartzites  and  the 
dominant  trend  of  the  schistosity. 

It  would  appear  as  if  the  salt  lakes  belonged  to  A  ditTurent 
cycle  of  erosion  uninfluenced  by  the  geological  structure  of  tlie 
rocks. 

The  principal  land-marks  which  stand  out  fiom  an  otherwise 
naonotonously  flat  landscape,  are  the  Mts.  Kilkenny,  Kilmore,  and 
Kildare  Ranges;  ridges  along  the  west  side  of  Lake  Raeside;  tlie 
Mt.  Catherine  Ranges;  Mt.  Boyce;  the  Edjadina  Ranges,  of  which 
Yaboo  Hill  is  the  most  prominent  peak;  the  extension  of  the 
Edjudina  Ranges  northwards,  the  highest  points  being  Mts.  Milli- 
eent.  Howe,  Hornett,  and  Florence;  the  Mt.  Percy  Ranges  (a 
scattered  group  of  hills) ;  the  quartz  blows  south  of  Yundaraindera; 
yit.  Colindina,  which  is  the  edge  of  the  Yundamindera  plateau; 
Mt.  Celia,  south  of  Linden;  and  the  Mt.  Wilga  Range,  north-east 
of  I^indeii. 

The  Edjudina  and  Mt.  Millicent  Ranges  are  noteworthy  for 
their  persistency  and  uniformity  of  structure.  The  geological 
significance  of  these  ranges  was  first  noted  by  Mr.  Maitland  in 
1903  and  later  by  Mr.  Montgomery.  Mr.  Maitland  pointed  out 
that  they  had  been  followed  for  50  miles  and  would  probably  extend 
as  far  as  Mt.  Morgans.  My  mapping  confirms  this,  and  they  can 
be  traced  from  the  south  boundary  of  the  district  to  the  shores 
of  Lake  Carey,  a  distance  of  over  60  miles.;  and  there  is  no  doubt 
tbat  they  are  continuous  with  Mt.  Margaret,  which  is  a  prominent 
range  of  the  same  rocks  on  the  north  side  of  Lake  Carey. 

An  interesting  feature  of  the  Edjudina  Ranges  is  the  exist- 
ence of  a  number  of  distinct  water-gaps.  One  in  particular  is  a 
vei'T  fine  example,  and  is  known  locally  as  **The  Gap.'*  From 
the  summit  of  the  range  the  T-shaped  head  of  the  water  courses 
can  be  distinctly  seen   (See  Fig.  1). 

(2)  The  Lower-land  constitutes  the  more  or  less  level  tract  of 
country  which  inten^enes  between  the  higher-land  and  the  lake 
country.  A  great  extent  of  this  lower-land  is,  in  my  opinion, 
alluvium,  esp>ecially  in  proximity  to  the  northern  shore  of  the  lakes. 
Though  in  places  bare  outcrops  do  occur,  a  great  many  of  them 
are  cement-covered,  which  can  form  a  hard  capping  to  alluvium  as 
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well  as  coimtry  rock.  Proof  of  tliis  can  be  bad  at  Ynadamindera, 
wLere  two  shafts  have  been  sunk  in  "made"  ground  to  a  depth 
of  45  feet  and  over  50  feet  respeetively.  A  cross-cut  was  cut  from 
one  shaft  alont;  the  bottom  of  the  wash  and  under  a  creek,  in 
which  hard  eemeul  was  showinK.  This  cement,  although  being  tlio 
cap  of  an  alluvial  deposit,  is   un  re  (Cognisable   from   the  laterite 

Fig.    ]. 


cnppine  eoveriiiK  granite  and  known  to  have  been  derived  from 
the  KiQiitc-  This  is  mcist  important,  as  showing  bow  easily  a 
cement  eoverinir  alluvial  frround  may  be  mistaken  for  bed  rot-k. 
and  bencc  the  ditlieuUy  of  dehniusr  and  leeo^iisinjr  the  deep  <;rouiid 
in  any  Ideality  from  surface  indications.  It  follows  that  there 
must  be  many  localities  in  which  the  deep  ground  is  tbu?  masked 
by  cement. 

All  wells  that  have  hoen  sunk  on  the  lower-land  interveuiiiE 
between  the  Salt  Lakes  and  the  higher-land  are  in  alluvium,  b.<7., 
the  tioveniment  Well,  three  and  a-half  miles  west  of  Freneli's 
Soak,  and  tno  wells  three  and  si.t  miles  north-west  of  it.  Marloo 
well  and  another  north-wesl  of  :ilt.  Percy,  ami  a  well  live  miles 
north-east  of  Mt.  Millieenl.  None  of  these  wells  have  bottomed 
on  to  bed  rock  and  the  deepest  is  4.">  feet.  This  proves  conclusively 
that  a  great  deal  of  the  lower-land  is  deep  ground. 
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The  lower-land  in  proximity  to  the  lakes  is  wind  swept  and 
covered  with  blown  sand,  and  close  to  the  lake  with  sand  dunes. 

(3)  The  Brif-Lake  Country  is  of  the  usual  type  occurring  on 
Eistem  Goldfields,  with,  however,  some  very  marked  characteris- 
tics. 

There  are  three  lines  of  lake  country,  all  running  north-west 
and  south-east,  namely: — 
Lake  Carey. 
Lake  Raeside. 
Lake  Rebecca. 
These  lakes  have  significant  characteristics,  which  are  common 
to  each. 

(a)  All  have  roughly  parallel  courses. 

(b)  All  have  an  escarpement  on  the  west  and  sand 

dunes  on  the  east. 

(c)  All  are  rock-P.oored  on  west  side  and  have  a  fair  depth 
(unknown)  of  alluvium  on  the  ea«t  side.  A  six-foot  rod  can  be 
pushed  into  lake  silt  without  touching  bed  rock  on  the  east  side. 

The  great  length  and  narrow  course  of  Lake  Raeside  suggest 
that  it  is  die  stagnant  remains  of  an  old  river.  Though  not  flowing 
now,  a  very  complete  system  of  tributaries  runs  into  it.  These  tri- 
butaries are  usually  dry,  but  are  full  flowing  streams  after  rain. 
A  very  good  view  of  minor  tributary  streams  can  be  obtained  from 
the  summit  of  Mt.  Millicent,  from  where  one  can  see  as  many 
as  seven  parallel,  perfectly  serpentine  water  courses  flowing  into 
a  main  tributary,  which  flows  into  an  arm  of  Lake  Kaeside,  skirt- 
insr  eastern  side  of  the  range.     (See  Fig.  2). 

The  rock  flooring  on  the  w^est  side  of  the  lake  is  probably  due 
to  "migration.'*  This  process  is  fully  described  by  Mr.  Jutscni 
in  his  Physiography  of  Western  Australia,  Bulletin  61.  The  ex- 
traordinarily level  character  of  the  lake  surface  is  probably  due 
to  water  action  causing  decomposition  to  a  hydrostatic  level,  deter- 
mined by  the  state  of  soakage  of  the  lake,  and  subsequent 
drying,  disintegration  and  removal  by  the  wind.  If  the  levelling 
wore  alone  due  to  wind  action.  ?.e.,  planing  down  by  sand  particles 
blown  across  the  surface,  one  would  expect  an  uneven  surface  due  to 
the  differential  action  of  the  sand  particles  instead  of  a  surface  as 
level  as  a  hydrostatic  ])lane.  Away  from  the  rock-flooring  on  the  east- 
em  side  of  the  lake,  no  idea  of  the  dei)th  of  the  overburden  can  be 
arrived  at,  except  that  it  is  probably  deeper  than  the  wash 
found  in  tlie  wells  in  the  lower-land  to  the  east  of  the  lakes,  /.e., 
oxer  .50  feet  deep  east  of  Lake  Raeside.  It  is  also  quite  possible 
fjn  a  narrow  lake  to  find  rock-flooring  right  across  its  surface,  in 
which  case  the  distance  the  lake  has  *' migrated,'*  has  exceeded  the 
^'idth  of  the  lake,  with  the  result  that  the  original  lake  surface 
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and  its  detp  ground  have  been  covered  by  sand  dunes  and  other 
leolian  deposits. 

The  fact  that  the  rock  flooring  is  on  the  west  side,  in  the 
(*ai?e  of  every  lake  in  the  district,  is  probably  due  to  the  prevailing 
direction  of  the  wind  being  from  the  south-west. 


GENERAL  GEOLOGY. 

S uccesstan. — The  rocks  of  the  Yerilla  District  belong  to  tlie 
>aine  series  as  the  rest  of  the  Eastern  Goldfields,  which  have  so 
far  been  classified  as  of  Pre-Cambrian  age.  Of  all  the  Pre-Cam- 
liriiin  rucks  of  other  parts  of  the  world,  they  seem  most  to  re- 
soluble the  Huronian  rocks  of  the  Lake  Superior  Region  of 
America,  es|  ecially  the  greenstone  schists  of  the  Manjuette  iron- 
bearing  district.  The  sedimentary  series  being  younger,  are  prob- 
a])Iy  contemporaneous  with  the  Keewatin  or  Keeweenawan  series 
of  that  region. 

The  general  succession  of  the  rocks  of  the  Yerilla  District  is  as 


Recent 


KAnowna  Series 


flntrusivc 


Pre-Cambrian  or-< 
Proterozoio 


Archieozoio 


f  Shallow  Alhivium 
. .  <  Aeolian  Deposits 

(Cements  and  Laterites 

fQuart/Jtes 
5  Deep  Alluvium 

f  Dolerite 

j  Pegmatite 

I  Porphyry 
*     J  Granite,  Granodiorito  and  Syenite 
Peridotites  and  Derivatives 

^Gabbros  and  Epidiorites 

^Conglomerates 

Newer  Sediments  •  •  -s  ou  i 

L  Tuffs  and  Ashes 
I  Greenstone  schists 
I  Amygdaloids 
. .  "^  At^glomerates 
1  Porphyntcs 
i^Rhyolites 

Ferruginous    Quartzites    (Jaspers) 

Gneiss 


Volcanic 


\  Older  Sediments 


DESCRIPTIVE    GEOLOGY. 

Gneiss:  The  oldest  rocks  of  the  district  must  necessarily  he  the 
ancient  basement  ii])on  which  the  volcanic  rocks  composing  the 
greenstones  were  spread  out.  It  is  most  probable  that  this  ancient 
basement  has  been  completely  changed  to  granite  and  gneiss.  But 
it  is  passible  that  some  of  the  gneissic  areas  which  are  scattered 
throughout  tlie  granites  may  be  the  relics  of  such  an  ancient  base- 
nient.  There  are  some  marginal  gneisses  which  may,  however,  have 
been  derived  from  granite  by  [jressure. 
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The  gneiss  is  generally  intruded  by  granite  dykes  and  pegma- 
tites which  fai'oiir  Iheir  beinfr  of  older  age  tlian  the  main  granite 
bosses,  wliicb  are  less  intruded  by  jiegmatiles. 


It  is  nisc)  siyniricnnt  tlint  ll;e  gneisses  are  sometimi'S  gariict- 
ifennis,  sbiinin!;  tlinl  tlicy  have  been  subjected  to  conUcI  inetB- 
monibiam.  For  insliuic-e.  iit  Kir^-illa  Kotk,  east  vt  Pingin,  wliere 
t'arnets  occur  in  bands  of  tlie  gneiss. 
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Older  Sedimeiilg :  Ferruginous  Quartziles  (Jaapera).  These 
arc  ban<ls  of  quart/itc  of  the  usual  type  which  outcrop  as  parallel 
riilifcs  interbt^ddeil  with  greenstone  schists.  The  boundaries  of  the 
<|iiartzites  in  all  cases  observed  were  sharp  and  regular.  For  the 
uiiisl  I  art  the  banding  in  not  contorted,  being  perfectly  straight  ex- 


cept at  the  Mimmits  of  the  highest  ridges,  where  an  anticlinal  slruc- 
lure  is  observable.  The  caps  of  these  anticlines  probably  account 
for  the  prominence  of  tiiese  ridges  heljting  to  resist  denudation. 
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and  a  good  deal  of  fissurin^  has  taken  place  alon^;  the  line.  Though 
at  \  laees  it  is  uniformly  enoujjh  banded  to  be  of  sedimentary  origin, 
it  is  srenerally  so  fissured  and  fractured  as  to  appear  to  be  a  zone 
«it  shearini?  impregnated  with  quartz  and  ironstone. 

Xear  Yandangerie,  this  lode  is  capped  witli  goethite  which  is 
vpry  vuggy  and  has  been  leached  of  some  soluble  mineral.       It  is 
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probable  that  this  outcrop  caps  a  sulphide  lode  as  pointed  out  by 
^^^'  Simpson  in  reference  to  goethite  gossans  occurring  elsewhere 
on  the  goldfields.     (See  Mineral  specimen    [aj,,  ].) 


The   ferrupnoiis  and  siliceous   character   of  the  qiiartzit 
probably  secondary  and  due  to  concentration  at  the  surface  o 


Photo.:   C.  S.   Honmnn.  Neg.   1^32. 

Shrinkage  cracks  and  vesicular  stmctnre  in  Greenstone, 

east  of  Terilla  on  Lake  Raeaide. 

iron  and  silira  of  the  se.linicntjiry  beds.     The  beds  may  )iave 
ashes  or  black  sliales  before  the  conocntralion  of  silica  and  in) 
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the  surface.    Black  shales  and  ash  beds  are  a  common  occurrence  in 
a  volcanic  series. 

VoLCAxic    Series. 

By  far  the  i^reater  proportion  of  these  rocks  are  gn^eenstones, 
tlie  acid  and  intermediate  representatives  occurring  in  very  subor- 
'liiiate  amount. 

lihyolites  and  Par pJnj rites. — These  rocks  are  much  less  widely 
U-tribiited  than  the  grreenstones.  They  appear  to  be  flows  con- 
U'lnporaneous  with  the  basic  lavas  now  represented  by  the  green- 
stones and  oe:*ur  as  narrow  bands  in  the  greenstone. 

Tliev  are  generally  amygdaloidal.  sometimes  show  flow  struc- 
ture, and  are  ^enerallv  schistose. 

The  most  extensive  occurrences  of  the  rhyolite  is  between  the 
17  miJe  and  20  mile  on  tht^  Yundamindera-Linden  Road.  They 
torm  a  belt  roujjhly  one  and  a  half  miles  wide  strikingly  parallel  with 
tlie  greenstones,  viz.,  N.X.W.  A  narrow  occurrence  can  be  seen  at 
tile  11  mile  on  the  same  road,  showing  distinct  spherulitic  structure 
associated  with  a  band  of  conglomerate. 

The  rhyolitic  series  is  associated  with  jasperoid  bands  which 
aiM  ear  to  be  interbedded  with  them.  For  the  most  part  they  are 
massive,  but  show  straight  parallel  banding.  They  are  also  inter- 
fjclded  with  the  more  basic  flows  and  with  slates.  A  typical  section 
is  shown  in  Fig.  5. 

The  porphyrites  are  re|)resented  most  extensively  at  Mt.  Re- 
niarkable,  about  10  iriiles  north  of  Yerilla.  The  belt  is  about  three 
miles  wide,  is  strongly  foliated  and  amygdaloidal.  It  appears  to 
♦'xtend  southwards  for  many  miles  and  evidently  rei)resents  an  in- 
termediate series  of  lava  flows  contemporaneous  with  the  green- 
stones. There  are  also  some  quartz-porphyries  at  Mt.  Remarkable, 
and  Some  of  the  porphyrites  very  mucli  approach  a  porphyry  in 
c*'>mposition- 

Southwards  a  similar  belt  occurs  as  a  ridge  of  hills  a  couple  of 
^iles  east  of  B  5S,  as  sheared  quartz-porphyry. 

^till  further  south  at  the  30-mile  well  on  the  Edjudina  Road  a 
S'anite  tongue  has  invaded  the  sheared  porphyry  from  the  Calvally 
l^atholith. 

Interbedded  with  the  rhyolites  near  the  17  mile  post  on  the 
lunda minder a-Linden  Road  there  occurs  a  rock  which  has  been  de- 
^fnbed  by  the  petrologist  as  a  felspathic  dolerite  with  resemblances 
h>  an  augite  andesite.  Owing  to  its  volcanic  origin  the  latter  name 
^*^  preferable. 

Greenstones, — The  majority  of  the  volcanic  rocks  are  fine- 
grained greenstones.  They  vary  in  composition  from  fine-grained 
flmphibolites  to  dolerites  and  amphibolite  schists.    Most  of  the  fine- 


prained  rocks  are  of  the  fibrous  ampliibolite  type  which  ar 
abtindant  around  Kalgoorlie.  There  are  also  coarser  varieties  : 
as  gabbros  and  epidiorites,  which  are  probably  local  variatiou: 


Pboto.:  C.  S.  Honman.  Neg.   1407. 

Pillow  stTQCtnre  east  of  TeriUa,  on  Lake  Buside. 

the    flne-grained    greenstones,  because,  in    most    cases,  no    defii 
boundaries  can  be  made  out  between  the  coarse-grained  rock  a 
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'he  Gne-^ained  ones.  An  exception  oecura  at  Eiicslyptus,  where  a 
'iiane-graiiied  gabbroid  roi^k  uith  sharp  boundaries  intrudes  the 
^■retttstone  scliists. 

At  times,  the  fine-^rnine<l  ainphiboHtea  have  a  development  o£ 
I  iir|iliyritic  felspars  in  them,  and  when  weathered  resemble  the 
oarkinjis  on  a  native  cal,  henee  in  other  districts,  such  as  Ora  Bands, 
il:fy  lia*e  received  the  local  name  of  "Native  Cat"  rock,  wliich  is 
nmverient  as  a  distinction  from  the  uniformly  line-grained  green- 

Mowl  of  the  greenstones  are  sehistose,  and  even  when  to  nJI 
a|i|iearance  massive,  have  an  incipient  seliistosity  developed. 

Tliey  are  a  most  interesting  series,  and  have  many  of  their  lava 
^■iiy  cliaracteristies  ()reser\ed,  though  the  wonder  is  that  after  suh- 
jwtirtn  to  tile  great  pressures  to  which  they  have  been  liable,  that 
il!"'  have  any  such  characteristics  left.  The  most  prominent  and 
Ik's!  presen-ed  structure  is  the  vesicular  or  amysdaloidal.  Almost 
all  Ihe  greenstones  are  amygdaloidal  al  some  part  or  another,  and 
'liiy  mifrht  conveniently  be  termed  "amygdaloids."  This  structure 
I*  very  noticeable  at  Linden  about  three-quarters  of  a  mile  south- 
fa't  of  the  Government  Tank ;  at  Yimdamindera,  east  of  the  town- 


'"■j;  near  the  17-mile  peg  on  the  Vundmnindera-Linden  iioad  (Fig, 
■^1;  and  is  represented  in  all  parts  of  the  greenstone  area.  The  bcsi 
'•"■^'irrpiice  is  along  the  western  shore  of  Lake  Kaeside  from  a  point 
"Ppwite  Yerilla  northwards  to  the  limit  of  the  map.     Besides  the 


amygdaloi<1al  structure,  beds  of  volcHnic  breccia  occur  here. 
structures,  such  aa  sbrinkaRe  cracking,  "pillow"  structure  and  "o 
pipe"  or  "columnar"  structure.     (See  Fits  G,  7,  and  8.) 


Mr.  Moitluud  referreil  lo  tliew-  rocks  in  100.1,  and  aupgtstef 
their  possible  volcanic  orifiin. 

In  1914  Mr.  Jutsou.  while  exomiiiinK  the  Yerilla  centre,  notic" 
the  amy  glial  Old  al  structure  on  an  island  three  miles  north  of  B  '^' 


rtieular  islaiMl  tlie  amypdules  arc  particularly  fine  and 
pe&size  np  to  hen-esTg  size,  and  eien  larger.  Tliey  are 
1:  nn  inner  kernel  of  quartz  witli  an  outer  shell  of  iron- 
lonate.  Tliey  are  mostly  alniond-sliapi'.l,  due  to  elonga- 
diinfr.     (Fig.  10.) 

)f  tlie  island  and  nlone  the  cliffs  on  Lake  Raeside,  some 
ectious  sliowins'  llie  various  strin'tiires  of  tlie  si'liisls  can 
hrinkwfie  eineks  are  \ery  common  in  certain  bands  of 

Fig.  10. 


T.  Jihtfloii.  Xe 

redaJoidal  stmctnre  on  island  east  of  TeriUa. 


ei-^ias  01 1'ur  interhpdded  with 
heir  surfai'c  {m-e  Fig.  11). 
[See  Fi-.  7.) 

■itiht  miles  west  of  Mt.  Kildare  theio  is  a  range  of  green- 
hieh  show  some  good  volcanic  .-itvuclnu's.  A  "eolnninar"' 
lije"  structure  distorted,  but  distinctly  recognisahle,  is 
he  cliff  face  bordering  the  lake  (see  Fig,  S).  The  "Ciit- 
o  represented,  at  this  j^lnce  apparently  resting  on  the 
bed,  which  is  dipping  :J()°  north-east.  Between  the 
rt  and  the  "eal-rock"  there  is  a  narrow  bed  of  rliyolite. 
e^t  of  I'eriUa  there  is  a  breccia  which  might  have  been 
he  cnislung  of  a  flow  which  was  riddled  with  shrinkage 
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erafks,  since  all  the  fragments  are  composed  of  similar  materia 
very  nnsuliir,  anrl  apparently  fit  into  each  oilier  like  a  mosaic 
tim  otIicF  hand,  it  may  be  n  volcanie  at-'^lumernte  of  ivhioli  the: 
some  undoubted  reproscnln lives  in  llie  sci-ies.     (Fig.  12.) 


Th.;  jiniyfidnloids  and  sbrinkafre  eravks  are  {renerally  filled  « 
irhi-niilt  which,  in  many  instances,  has  been  leached  out  where  1 
jek  is  exj>osetl  to  atmospheric  weathering.     (Fig.  13.) 


r  rock  oeetirs  at  Yundaminilera,  just  beyond  the 
i  surrouDded  by  granite,  iJear-sbaped,  and  about 


3  chains.  Mr.  Fur. 
flinities  to  a  <-nin[ili 
,  from  which  tlie  flu 


I  I 
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Newer  Sediments. 

Conglomerate  Series. — An  extensive  development  of  conglomer- 
ates, arkoses  and  tuffs  occur  at  Yilg:angi,  which  is  representative  of 
a  continuous  belt  of  sedimentary  rocks  which  outcrop  for  over  3.") 
miles  in  lenf;th. 

The  belt  is  from  two  to  three  miles  wide.  It  extends  at  least  as 
far  south  iis  Mulgabbie,  where  outcrops  occur  about  three  miles  west 
of  that  centre.  Between  Mulgfabbie  and  Yilgangi  they  can  be  trace! 
at  many  points,   undoubtedly  from  a   continuous  belt. 

There  are  two  main  bands  of  conglomerates  abo  it  one  mile 
ai  art,  one  band  passing;  east  of  Mt.  Kuth  and  one  tlirou^li  the  so- 
mite post  on  the  Yarri  road.  They  are  iuterbedded  with  arkoses,  tufTs 
and  flows.  Some  intrusive  porphyry  dykes  (^ccur  in  them,  also  some 
sheared  porjihyry  which  was  probably  oripnally  a  series  of  acid 
sills  or  flows.  The  intrusive  porphyry  has  large  crystals  of  felsj^ar 
developed  in  it.     (Fig.  13a.) 

Some  of  the  conglomerate  bands  south  of  Yilgangi  oontaiu 
greenstone  fragments  and  approach  coan?e  volcanic  agglomerates  in 
places. 

The  j)orphyries  at  Yilgangi  contain  quartz  reefs  which  carr>' 
some  rich  patches  of  ore.  The  geological  conditions  at  Yilgangi  are 
exacth'  similar  to  tho*^e  at  Binduli,  four  miles  west  of  Kalgoorlie'. 

A  report  on  Yilgangi  by  Mr.  J.  T.  Jutson,  is  attached  to  this 
report  as  an  appendix  (i.).  In  it  the  petrology  is  fully  dealt  with, 
and  the  rocks  are  more  fullv  described. 

At  the  11  mile-post  on  the  Yundamindera-Linden  road  a  con- 
glomerate bed  occurs  wliich  is  probably  contemporaneous  with  the 
Yilgangi  series. 

The  Yilgangi  series  is  ])robably  younger  than  the  greenstones 
and  were  laid  down  during  a  period  of  volcanic  quiescence,  and  sub- 
sequently folde<l  into  their  i)resent   position. 


Intrusive. 

Oahbros  and  Kjndioritef^.— The  epidiorites  are  extensively  de- 
veloped in  the  northern  i)ortivm  of  the  district,  but  not  so  much  in 
the  south.  A  fairly  prominent  belt  goes  throaj»h  Pvke's  Hollow. 
Eucalyptus,  and  Mt.  Millbnnk. 

Pyke's  Hill  is  a  typical  outcroj)  of  cpidiorite  rock.  At  Euca- 
lyptus a  gabbroid  type  occurs.  The  epidiorites  are  formed  from 
gabbros  and  doleriles  by  regional  nietaniori)hisin,  and  are  probably 
due  to  extreme  melainorphisui  of  the  greenstone  volcanics. 

'I'he  epidiorites  are  also  very  well  developed  at  Mt.  Kilkenny. 

A  gabbro  occurs  at  Mt.  Hoyce,  on  Yerilla-Edjudina  road,  which 
was  apparently  formed  by  recrystallization  of  a  boss  of  fine-grained 
greenstone,  having  no  definite  walls  hut  merging  into  fine-gi'ained 
greenstone. 


'  Bnnetiu5<!.  (J.S.,  W.A. 


iles  and  Derivatives. — Tliese  rocks,  which  are  very  com- 
Jislriit,  are  recognised  by  Iheir  black  colour  wben  fi'csh, 


\ 


inou^  ap|:earance  wlien  altereil.     Tliey  bave  alwayit 
h  them  actiiiolite  atibeslas  and  conuaon  opal,  which,  i 
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sei|uently-  ^re  an  infallible  indication  of  the  presence  of  serpei 
rocks. 

They  iicfiir  miistly  as  serpentines  and  dolomites  in  parallel 
whieh  are  jiarallel  to  tl:e  ferritiiiniiiis  qiiart/ites  and  greeiistoii' 

There  are  two  prinrijial  bells:— 

(1)  I'asainff  throufrh  I'ykes  Hollow,  east  of  Eucalyptus. 

of  Mt.  Millbnnk,  and  soitlhwards  as  a  rid^  of 
west  of  Ml.  Millicunt,  on  west  side  of    Lake  Baesic 

(2)  I'as-'injr   Ihroiigli   Greenitills,   Linden,   and    west    of 


Siowin?  relation  between  Schists  and  Peridotite, 
north  of  Unden. 


,.  of  this  nx'k  i«-eurs  south-east  of  Kdjit 
■i  rast  of  Sie|iliiiiii's  Well;  this  is  prohab 
ceimd  licit,  and  the  doloniitisation  is  prob 

which  oi-i-ui-s  in  this  \icinit>'. 

the  siniie  •lislinire  west  of  the  Edjiidina 
.  No.  2  is  to  the  east  and  both  are  paralh 
i/iics  which   fiirins  an   anticlinal   rid)»>. 
el'ore.  probably  intruded  along  llie  east 


•t  an  anticline.     Their  eqiiidistanpe  from  tlii'  <\ 
e  intrusion  taking  place  along  tlie  same  buii/.ori 


are  otlier  minor  orcnrrt'iifps  of  serpentine  rock,  one  in 

on  tlie  western  fall  of  Mt.  Howe. 

«e^t   of  tiie  Bore  Well,  on  liie  l.inilen-EdjuOina  roail, 

rotninent  range  of  talc  si-liist  ivliich  is  ]irolml)!y  a  foliated 

)f  tlie  iieritlolite  belt. 

ulen  there  is  a  very  iiii[iortant  seetion  sbmving  tlie  rela- 

n  Ibe  greenstone  scbist,  ferruginous  ftiinrtKile,  senienline 

■lie,  wbicb  altlioiigh  oeeiirriiig  as  a  livke  lias  an  anivgria- 

tin.     (See  Fig.  14.) 
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Granite,  Granodiorite  and  Syenite. — These  are  apparently 
younger  than  the  greenstone  rocks  of  the  district.  There  are  three 
(3)  distinct  belts,  the  two  outside  ones  being  distinctly  different 
from  the  centre  one. 

The  central  belt,  which  is  probably  the  youngest,  extends  from 
Yundamindera  to  Mt.  Kildare  and  south-south-eastwards  in  an  ir- 
regular manner  past  Mt.  Percy  to  Yarri,  and  connects  to  the  larije 
granite  batholith  north-east  of  Mulgabbie  and  of  which  the  outcrops 
at  Calvally  Soak  are  typical. 

The  central  granite  varies  greatly  in  composition,  and  is  char- 
acterised in  its  central  or  more  massive  portions  by  an  abundant 
growth  of  felspar  crystals  which  are  as  large  as  two  to  three  inches 
long  at  times,  and  might  be  called  a  medium-grained  biotite  granite 
with  large  plienocrysts  of  felspar  scattered  through  it.    (Fig.  1.*).} 

Close  to  its  contact  with  the  greenstone  tlie  granite  becomes 
more  basic  in  composition,  and  at  times  with  the  complete  absence 
of  quartz  thus  forming  a  syenite  or  hornblende  granite.  Most  of  the 
more  basic  granite  would  be  most  correctly  tenned  granodiorite, 
judging  from  hand  specimens. 

In  many  places  along  the  contact  fragments  of  greenstone  can 
be  seen  in  the  granite,  apparently  caught  up  as  it  intruded  the  latter. 
This  is  verv  noticeable  near  Varri  and  south  of  Mt.  Percv.  At  Yun- 
damjndera  the  granite  has  changed  to  a  granodiorite  in  proximitv 
to  the  greenstone  contact,  and  there  are  many  patches  in  the  granite 
there  whicli  are  apparently  due  to  basic  differentiation,  due  to  ab- 
sorption of  basic  material  by  a  granite  magma.  The  basic  differen- 
tiations only  occur  close  to  and  at  the  contact  of  granite  and  green- 
stone. Typical  si)ecimens  of  the  marginal  hornblende  granite  are 
M.S.  [903  j  at  Yundamindera,  and  M.S.  [■^\yf]  and  [3J5]  between 
Edjudina  and  Pingin. 

Many  tongues  from  the  granite  batholitli  seem  to  merge  into 
sheared  jiorphyrite  as  tliey  narrow  and  tail  into  the  greenstone  series. 
This  supports  an  origin  of  some  granite  from  certain  acid  rocks  oc- 
cnn'ing  in  the  greenstone  series  (probably  acid  sills  or  flows)  by 
absorption,  and  overhead  stoi)ing  from  below. 

A  very  good  example  of  the  syenite  type  of  granite  occurs  at 
I  Soak  B.  7.'),  east  of  Yerilla.     Tliis  has  been  described  by  Mr.  Jutson 

as  syenite,  and  is  ap})arently  an  outlier  of  the  central  granite  mass. 
The  svenite  is  surrounded  hv  greenstone  and  covers  an  area  of  about 
two  scpiare  miles.  It  may  have  some  connection  with  a  belt  of  sheared 
porphyry  or  porphyrite  which  outcrops  near  it  and  extends  to  the 
northwards  as  far  as  ^It.  Remarkable.  It  may  have  been  formed  by 
the  absorptiim  of  this  porphyry  belt.  Near  the  soak  the  syenite  is 
horiztmtally  sheared  which  may  be  due  to  the  outcrop  being  the  top 
of  a  dome,  the  greenstone  lid  of  which  has  been  denuded  away  leav- 


erlying  syenite  granite  exposed.  (See  Fig.  16.)  T'le 
eaVHjie  was  probably  parallel  to  llie  cuntact  of  the  green- 
emoved. 

Pig.   10. 


h  showing  boriioDlal  Uminatioiu  in  Syenite  it  B  76. 

ler  bells  of  granite  occur  east  and  west  of  the  eential 
lieit. 
riie  western  belt  of  whicli  Kfeiiangina  Rock  is  the  central 

'he  eastern  belt  tliroiigl]  Kirgilla  Hock  ami  Dead  Hors:' 

ese  belts  are  eom|ioaed  of  ordinary  medium-grained  hio- 

;  bells  tile  palHies  of  gneiiis  occur,  whidi  I  have  des- 
■,  as  ArcliKOKoic  remnants  of  old  bast-nients  on  wliich  the 
were  poured  out. 

'J/. — Intrusive  into  the  greenstones  there  are  numerous 
kes.    These  are  especially  numerous  at  Linden,  and  also 

distributed  throughout  the  district,  esjiecially  near  the 
acts.  These  dykes  are  probably  apophyses  from  the 
lea.  This  is  very  clearly  demonstrated  near  Ml.  Wall- 
!  an  arm  of  tlie  newer  granite  con  be  seen  intruding 
icliists  and  slieare<l  porphyry,  and  gradually  changing 
irphyrv.  A  similar  change  is  also  noliteable  at  Linden, 
KheW  Well. 

te  Dykes. — -Tliese  are  (he  youngest  intrusives  in  the  dis- 
n  be  seen  extensively  inlnidlDg  both  the  main  granite 
t  greenstones.  This  is  very  noticeable  on  a  Hat  rock  five 
■f  Pingin.     Here  three  ages  of  pegmatite  veins  can  be 

coarse  porpbyrite  granile.  (See  Fig.  17.)  The  old.-st 
granite  dykes  are  east  and  west,  the  middle-aged  peg- 
i-norlh-wesl    and    the    youngest    pegmatite    west-north- 

I  a  great  deal  of  intrusion  by  pegmatite  dykes  at  Yun- 
vhieh  has  taken  place  subsequently  to  the  formation  of 
eefs.     This  is  very  noticeable  in  the  Queen  of  the  May 


^oiitli  end  of  (lie  Qu€ 


3S 


Mine,  and  in  some  working; 
May  line  (see  Fig.  IS). 

Dolerile. — Tliis  is  a  l»la(-k,  tine  to  ineiliiiif.-fn'aiiied  roek,  w 
is  the  latest  intriision  in  the  district.  It  is  unilonhterlly  later 
tiie  fIne-gTflined  greenstones,  wliidi  it  '5au  be  ^een  intritiling,  oi 
island  on  Lakf:  liaeside,  east  of  Yerilla  (see  Fi;;.  19),  and  ob^e 
bv  Mr.  Mailland  in  1!I(I3.  A  dyke  of  tlie  same  rock  intruded 
granite  about  five  miles  soitlli  of  Yarri,  Tliis  can  be  seen  on 
dump  of  a  well  wliieli  was  siinii  on  liie  itan^ins;  n-all  side  of  tbe  < 
and  from  «liicb  a  sballow  siip|ily  of  good  ivaier  was  obtained. 

Fift.   17. 


Showing  dyk«$  in  Granit*  at  PIngIn  Rock  Hoh. 

Mr.  Monlgomcry  al'^o  describes  senolitbs  of  granite  in  doll 
cipt'itrring  on  tlie  iiranite  diini])  of  tlie  Varri  Well.  This  is  probi 
from  B  dolerile  dvkc  in  yrnnite  in  wliich  the  Yarri  Well  is  si 
The  firanitc  xpnolilh  ]tov.-s  Hi,-  yoitn-t-r  aKe  of  the  dolerile. 

No  direct  evidence  Wiis  ohsei'ved  as  (o  whether  the  dolerit 
youn^'er  than  the  jegmalile  dykes,  but  in  other  distrids  this 
been  jn'oved  to  be  llie  case,  and  i1  is  more  than  probable  that 

Drei'  .\Itiii->iim.—'T\wri-  me  undoubted  indieations  of  the  | 
si-nce  of  extensive  deep  idln\iii!  5.'roimd  in  tile  dislriet.  Esped 
is  this  tlie  i-ase  in  tin'  coiniti'y  sunlli-ueslwnnis  of  tbe  Yundaiuind 
l.iiidon  higher  land  belt.     There  is  a  belt   of  ground  between 


d  and  Lake  Raeside  wliicli  *Biies  from  seven  to  (liree  m 
md  over  the  wliole  of  wliicli  il  is  possible  Ihat  deep  allu' 
.■ven  of  llie  wells  jiiink  in  this  arta  are  in  alluvial  grou 
ive  good  drinkin;:  water. 


Fig.    18. 


Izilex. — A  nHiiiber  of  hills  in  tlie  dislrict  are  cappeil  witl 
ri/ontal  (|iiarl/ites  ami  pimslnnieratcs,  viz.: — 

Mt.  roliniliua,  or  "The  Table  Top." 
is  a  line  landmark  and  can  be  seen  for  miles  from  tli< 

Hill  at  17  mile  post.  Vuiidaniindera -Linden  Road. 

Hill  two  and  a  half  miles  south-west  of  Edjiidina  nev 
townsile.     Synclinal  formation  on  tiiis. 

Hills  around  Mt.  folia. 
same  maleiial  opciirs  as  scahK  all  over  the  country  n. 
ey  were  remnants  of  an,  at  vnv  time,  e.vlensive  formation 
Deep  Ailiiviiim  ami  llie  Qitarl/iti's  are  probalily  of  th. 
and  may  he  eorrelated  with  the  Kanowna  deep  alliiviiiii 
the  deep  leads  ocenr. 

iindamindeva  there  are  two  shafts  down  40  tWt  to  r,ft  fee 
round  with  a  good  bottom  (Fig.  '20). 

iucalyptiis  there  are  indications  of  deep  ^'lound,  and  als 
'lia,  where  larsie  rounded  jielililcB  oeeur  west  of  the  Triij. 
my  opinion  that  there  is  eimsiderably  more  deep  (trouui 
triet  than  appears  on  examination  of  (he  surface,  owin-;  t 
sive  eappinjpi  of  cement  wliich  seeiu  indi-ieriminately  t 
omposed  connlry  roek  and  alluvium  (see  Fij;.  21). 


The  Recent  deposits  of  sliallow  alluvium,  aeoliau  ileposits  ani 
cements  and  laterites  are  similar  lo  tliose  extensively  occurring 
tliroiigliout  the  eastern  goWfieliis  and  have  been  described  in  othei 
publications  of  (he  Geological  Survey,  so  that  no  further  referenci 
is  necessary  here. 

HISTORICAL  GEOLOGY. 

A  brief  outline  of  the  geological  events  leading  to  the  jtroseni 
structure  of  the  district  is  as  follows:^ 

First,  there  was  a  gneissic  basement  upon  wliich  volcanic  actioi 
liaa  caused  the  spreading  out  of  numerous  Java  flows,  mostly  of  basii 
composition.  During  periods  of  ([uiescence  tlie  sedimentary  beds 
now  rei'resented  by  ferruginous  (piartzites,  were  deposited.  Ther 
further  lava  flows,  including  in  subordinate  amount  rbyolites  an) 
porpbyrites.     Then   quiescence  and  denudation  ivilh  funnalion  oi 

Fig.    19. 


I'Imto.  :      J.   T.    .Tiitson.  Neg.  ' 

Dolerite  dyke  in  Greenstone  on  island  on  Lake  Baeside,  eae 


arkoses  and  con gio morales.  This  is  followed  by  folding,  during 
ivbicli  period  the  gneiss  becomes  intruded  and  absorbed  by  granite. 
As  the  folding  proceeds,  due  to  tremendous  pressures  from  east  and 


ire  and  more  gneiss  ia  atei>rbe<l  by  granite,  and  granite  in- 
ivas.  wliicli  arc  now  tilte:l  and  warped  into  elongated  areas 
iod   by   granite.      Finally,   general    rt'gional   met  amor  jiliism 


aee,  fracturing  faulting,  squecKinc.  sliearing,  etc.,  and  tbe 
structure  resultt;.  Denudation  forma  rivers,  laken,  etc.,  and 
'hanges  in  climate  and  in  (iub-arid  conditions  and  tbe  for- 
)f  dry  lakes,  cements,  alluvial  and  aeolian  deposits. 


STRUCTURAL    GEOLOGY. 
Jfany  interesting  strui'titral  problems  liave  been  brought  oitl  1j 
the  mapping.     Among  the  more  important  are  the  following: — 
(1)  Extensive  foliation  of  older  rocks. 


(2)    Bis;   ft.l'ls  in   Hie  ohh-r  v.icks.     These  are  masked  lo  great 
extent  iiy  folijitiun,  Imt  mjipping  shows  that  certain  tyiws 


rocks  cover  large  areas  and  apparently  belong 
ilual  foMs.  It  is  proliahle  tijat  llie  folding  is  not 
appears  owing  to  tlje  masking  effect  of  t'oliatio 


ere  are  two  distinct  fi.Ms: 
(a)   Anticline,  wliose    axis    is    re|iresented 
Kdjudina-Ml.  Millieent  ferniginoiis 
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(b)  Synclinal  formations  whose  axis  passes  some- 
where through  Yilgangi  and  in  which  the 
conglomerates  and  Lake  Raeside  volcanics 
occur. 

(3)  Two  very  prominent  fault  or  thrust  planes  striking  nearly 

north-west  and  parallel. 

(a)  The  Mt.  Celia-Yundamindera  fault. 

(b)  The  Edjudina-Yerilla  fault. 

It  is  very  sif^nificant  that  all  tlie  important  gold 
discoveiies  have  taken  place  in  the  vicinity  of  either 
of  these  fault  lines. 

(4)  All  the    greenstone    schists    and    quartzites  show  signs  of 

corrugation.     Such   corrugations  always   pitch    north   at 
about  20'    (Figs.  22  and  23). 

MINING    GEOLOGY. 

Mining  in  the  Yerilla  District  has  never  had  a  solid  footing. 
The  deepest  workings  are  400  feet,  and  very  little  ore  has  been  taken 
out  below  200  feet. 

Most  of  the  mines,  or  rather  prospects,  in  the  districts  are  not 
deeper  than  water  level. 

At  the  time  of  this  survey  Linden  was  by  far  the  most  im- 
portant centre,  with  a  population  of  about  70.  Next  comes  Edju- 
dina,  Yarri,  Yerilla,  Yundamindera,  and  Pingin.  Eucalyptus, 
Pennvvveiirht  Point,  and  Pvke's  Hollow  were  deserted. 

Yundamindera  has  produced  more  gold  than  all  the  rest  put 
together.  This  was  owing  to  the  ojierations  of  the  Mt.  Margaret 
Reward  Claim  Co.,  which  had  taken  over  the  Potosi,  the  Queen  of 
the  May,  and  the  Treasure  Mines. 

Tlie  Yerilla  centre  has  been  reported  on  by  Mr.  Jutson  as  late 
as  1914,*  and  there  is  no  need  to  further  discuss  this  centre,  as  no 
fresh  developments  have  occurred  since  Mr.  Jutson's  visit. 

The  Mining  centres  are  dealt  with  in  the  following  order: — 

Yundamindera. 

Pennyweight  Point. 

Eucalyptus. 

Pvke*s  Hollow. 

Old  Joe's  Soak. 

Linden. 

Mt.  Celia. 

Mt.  Howe. 

Yarri.  Edjudina,  and  Pingin. 

Mt.  Keniarkable. 


•  >  Miscellaneous  ReiiorU  53,  Bulletin  64,  G.S.W.A. 
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Ytjnoaminueba. 

necessary  to  give  an  outline  of  the  geology  as  the  gen- 
>n  of  the  dialrict  applies  to  tlie  Yundamindera  centre, 
'ological  map  accumi^anies  tiiia  report. 
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descrilied  first. 
the  Uan.  C.M.L.  46i;.     (Plate  IV.).— The 
on     a     quarts     reef     which     strikes 


Ih  of  140  ft 
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''olosi  Consolidated,  O.M.L.  450,  is  situated  almiit  one  mile 
lie  Queen  of  tlie  May.  The  reef  strikes  m'  west  of  north 
lo  the  easl.  There  is  an  inehne  shaft  down  to  41)0  feet, 
ull  of  water  up  to  wilhiii  f)0  feet  of  the  surface.  Accord- 
mine  plans  not  miieh  work  linsi  heen  ilone  below  200  feet, 
to  that  depth  a  shoot  of  ore  has  been  laken  out  which  has 
e  length  of  200  feet.  The  reef,  acrordiiifr  to  the  a-ssay 
le  eompanv,  is  consistent  in  size,  varyins;  from  one  foot  to 
in  «-i«lth'  (Plate  V.). 
■oiinlry  rock  is  a  grano-dioritf  which  is  ehansed  to  a  sran- 
on  the  walls  of  tlie  reef.  There  are  a|)|iarenlly  basic 
ns  in  lite  tn'ii'orliorite  judging  I'ru'.ii  the  rhimp. 
Treasure  and  the  Trenxiire  ■'^oulh  are  leases  on  which  a 
lie  amount  of  work  has  lieen  dune  and  from  which  some 
stone  has  been  taken.  The  main  reef  in  this  mine,  which 
to  amie  extent,  has  an  average  strike  of  ;tO°  west  of  north 
to  the  east  at  varying  angles  along  its  strike,  vin.,  from 
'.  The  average  sirike  ap[iears  to  be  about  00°. 
mber  of  branch  reefs  occur,  one  striking  ea.st  and  west  and 
0°  north.  Another  aliout  20°  west  of  north. 
t  200  feet  from  the  south  boundary  the  main  reef  has 
ed  and  the  shoots  apparently  oceur  on  either  side  of  lliis 

itch  of  this  iwist  in  the  reef  i^  to  the  north-east  and  should 
at  depth  noith  of  the  new  slml't  wliieh  has  been  sunk  at  a 

feet  east  of  the  oulerop,  lo  a  depth  of  :ilKI  feet.  From 
il  dip  of  the  reef  al  the  surface  I  should  think  that  this 
Id  reijuire  to  he  sunk  to  a  greater  de]  ih  to  cut  the  main 
>posing  the  main  reef  dip)jed  at  00°  indefinitely,  llien  the 
Id  iiave  to  reach  700  feet  to  cut  it.  It.  is  unlikely  that  the 
retain  a  uniform  dip,  hut  it  wnuhl  have  to  turn  very  Hat 

shaft  at  :iOO  feet.  According  (o  the  mine  plans  the  cross- 
"  feet  level  is  not  far  enough  west  to  prove  whether  the 
t  :tli:)  feet  in  the  shaft  is  the  main  reef  nr  not.  1  think  it 
well  worth  while  to  extend  the  cross-cut  at  2S7  feet,  pro- 
ad  not  been  already  done;   and  if  no  further  ile*'elo|>mcnt 

drive  further  north  on  the  reef  that  has  been  cut.  Ac- 
.  tlie  mine  plans,  at  the  200  feet  level  there  is  one  shoot  of 
y  400  feet  long. 

mine,  like  the  Quet'u  of  Ihe  May  and  Poiosi,  is  in  grano- 
th  granitic  schist  walls  on  the  reef,  and  is  not  far  from 
stone  contact    (Plate  VI.). 

are  a  number  of  oilier  ubandimeil  shows  at  Yundamimlera 
e  well-defined  reefs,  and  should  ilescrve  further  pros[>ecl- 


48 


4 


The  Maori  Queen,  G.M.L.  541,  has  produced  1,569.26  fine  ozs. 
from  1,063  tons.  This  must  have  been  obtained  from  bulges,  as  from 
an  inspection  of  the  old  workings,  only  a  narrow  trace  of  quartz  can 
be  seen  for  hundreds  of  feet. 

Of  the  other  abandoned  mines  the  most  promising  is  the  Queen 
of  the  May  South,  G.M.L.  467,  which  has  produced  1,211  ozs.  from 
694  tons.  From  an  examination  of  the  old  workings  there  appears  to 
be  a  long  shoot  of  gold  on  this  reef  which  has  not  been  worked  to 
any  depth.  The  reef  occurs  in  a  well  defined  fissure  which  is  the  con- 
tinuation of  the  Queen  of  the  May  south  reef,  and  should  live  to  a 
great  depth.  It  was  probably  only  worked  to  a  shallow  depth  on 
account  of  its  occurring  so  close  to  and  dipping  into  the  adjoining 
lease  (the  Pindinnie  Deeps). 

In  the  Little  Wonder,  G.M.L.  522,  there  are  some  big  bodies  of 
quartz,  but  the  gold  either  occurs  as  patches  or  only  on  one  wall  of 
the  reefs,  judging  by  the  amount  of  work  done  and  the  returns  of 
1,333  fine  ozs.  from  449  tons  of  ore. 
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Pennyweight  Point. 
This  centre  is  three  miles  east  of  Yundamindera  and  occurs  in 
greenstone  country,  but  not  far  from  the  granite  contact. 

About  one  mile  west  of  Pennyiiveight  Point  (G.M.L.  3468),  late 
6SSR,  known  as  the  Just  in  Time,  is  a  fair  sized  quartz  reef  nm- 
ning  east  and  west,  dipping  north  and  crossing  the  granite  contact 
almost  at  right  angles.  Tlie  returns  show  396  fine  ozs.  from  421 
tons  of  ore.  This  is  probably  from  a  narrow  shoot  of  gold  occurring 
in  the  reef  near  the  contact  of  granite  and  greenstone. 

A  similar  occurrence  is  the  Washington,  G.M.L.  3273.  This  is 
also  an  east  and  west  reef  crossing  the  contact.  The  returns  total 
649ozs.  from  923  tons. 

This  show  is  situated  one  mile  north  of  Pennyweight  Point. 

Tlie  A.W.A.,  G.M.L.  562,  has  produced  the  most  gold  from  this 
centre,  viz.,  l,190ozs.  from  620  tons 

The  Highland  C.'liief,  G.M.L.  568,  north  of  the  A.W.A.,  has  pro- 
duced 58ozs.  from  58  tons.  The  Battleville  Battery  has  also  crushed 
a  good  deal  of  stone  from  this  lease. 

The  A.W.A.,  the  Highland  Chief,  and  the  Tucker  Bag  all  have 
the  same  geological  structure,  viz.,  narrow  shoots  and  patches  in  an 
east  and  west  reef  cut  by  north-north-east  and  south-south-west 
porphyry  dykes. 

In  G.M.L.  330  another  porphyry  dyke  runs  north-north-west 
and  some  rich  alluvial  claims  were  worked  below  it.  The  alluvial  is 
probably  from  a  cross  reef  cut  by  the  dyke. 

There  are  a  number  of  shows  between  Mt.  Keith  and  Yunda- 
mindera which  belong  to  the  same  class  of  deposit  as  the  Tucker 
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Ba-  and  the  A.TV.A.,  viz.,  east  and  west  quartz  reefs  catting  por- 
plvn-  dykes  (at  the  Highland  Chief  the  porphyry  appears  to  cut 
the  reef)  short  shoots  and  patches  close  to  the  intersection  of  por- 
iln-rv  dvke  and  reef.  Many  of  the  aUuvial  patches  have  been  shed 
from  this  class  of  deposit.  The  latest  rush  to  ^he  Patch"  south  of 
I»orky's  Leader,  is  an  instance.  By  following  up  these  intersections 
new  patches  of  alluvial  should  be  found. 

Eucalyptus. 

An  extensive  deposit  of  alluvial  gold  occurs  here,  which  has 
been  shed  from  a  series  of  south-east  and  north-west  reefs  arranged 
"en  echelon- '  in  the  bend  of  a  horseslioe-shaped  intrusion  of  gdbbro. 

The  alluvial  has  spread  out  on  either  side  of  the  outcrops  which 
have  been  worked  for  rich  patches  of  stone.  Outside  the  horseslioe- 
J^haped  gabbro  some  auriferous  reefs  occur,  but  they  are  generally 
close  to  the  contact.    The  country  rock  is  greenstone  schist. 

At  Brown  Hill,  about  a  quarter  of  a  mile  south,  a  reef  striking 
north-north-west  and  dipping  east,  has  shed  some  alluvials  and  con- 
tained some  rich  patches  of  stone. 

No  record  has  been  kept  of  the  amount  of  alluvial  gold  won 
from  Eucalyptus,  but  it  must  be  over  2,000ozs.  according  to  report. 

Pyke's  Hollow. 

This  centre  is  four  miles  north  of  Eucalyptus. 

A  number  of  shows  have  been  worked  here.  The  majority  have 
the  same  geological  structure,  viz.,  short  shoots  of  gold  and  patches 
oreurring  in  quartz  reefs  at  their  intersections,  with  bands  of  slates 
in  ^eenstone  country  rock.  The  reefs  generally  strike  north-east 
and  the  slates  north-north-east. 

This  centre  is  completely  deserted.  The  principal  shows  were:— 

The  Yando,  G.M.L.  504. — From  an  inspection  of  the  old  work- 
ings it  seemed  evident  that  the  rich  patches  occurred  at  the  inter- 
section of  a  band  of  slates  striking  24deg.  east  of  north,  and  the 
seliistose  hanging  wall  of  a  basic  dyke  striking  SoSdeg.  In  the  basic 
dyke  there  occur  shrinkage  cracks  which  are  filled  with  blue  quartz 
and  run  across  the  dyke.  In  the  schists  and  slates  there  are  vertical 
^hite  quartz  leaders.  The  gold  apparently  occurs  in  white  quartz, 
judging  from  the  paddocks.  The  quartz  is  fractured  and  seamed 
^"ith  iron  oxide. 

Statistics  show  that  2,802.21  fine  ozs.  of  gold  were  obtained 
^rom  74  tons  of  ore.  This  shows  that  there  is  very  little  battery 
stone  and  that  the  gold  occurred  as  rich  patches,  probably  along  the 
Jine  of  intersection  of  slates  and  schists  as  described  above. 

The  Nine  of  Hearts,  G.M.L.  959  (late  803R).-The  main  shaft 
^ow  used  as  a  Government  well. 
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The  Hands  across  the  Bar,  G.M.L.  898,  and  The  Triumph,  have 
the  same  geological  structure,  viz.,  a  large  quartz  reef  crossing  a 
band  of  slates,  but  in  the  case  of  the  Triumph  the  quartz  reef  runs 
with  the  slates.  The  quartz  as  a  whole  appears  to  be  barren  and  the 
gold  occurs  as  patches  on  either  wall  of  the  lode.  The  slates  are  grey 
at  the  surface  but  are  probably  graphitic  at  depth. 

The  Harlech  Castle j  G.M.L.  563R,  was  a  very  rich  show.  The 
gold  occurred  as  rich  patches  where  a  number  of  irregular  leaders 
cut  a  band  of  ferruginous  slates.  The  leaders  extend  across  the 
band  of  slates  like  the  legs  of  a  caterpillar.  The  returns  show  that 
only  seven  tons  of  stone  were  treated  for  a  yield  of  l,119ozs.,  most 
of  which  was  dollied  and  specimens.  This  show  has  been  worked  to 
water  level.  All  the  other  shows  of  this  centre  are  associated  with 
the  slate  bands.  The  only  exception  noticed  was  Wilson's  claim,  a 
few  chains  east  of  G.M.L.  34(n,  on  which  there  is  a  quartz  reef 
striking  north-north-west  along  the  contact  of  talc  schist  and  por- 
phyry, probably  a  porphyry  dyke. 

Old  Joe's  Soak. 

About  a  mile  south-east  of  Old  Joe's  Soak  a  show  known  as 
the  St.  Patiick  has  been  w^orked.  It  occurs  in  greenstone  schist 
five  miles  north  of  the  granite  contact  and  is  roughly  on  the  con- 
tinuation of  the  Yundamindera  line  of  leases.  Some  ricli  stone  was 
taken  out,  ID'/ij  tons  yielding  Go  ozs.  of  gold.  1  have  been  informed 
that  the  reef  cut  out.  The  reef  strikes  nearly  east  and  west  and 
dips  50°  north. 

LiNDEK. 

There  was  a  great  deal  of  activity  at  this  centre.  A  number 
of  options  had  been  taken  over  some  of  the  more  important  shows, 
viz.:    The  Olympic.  The  Devon,  and  the  Lady  Ethel. 

Fig.   24. 


Hypothetical  Longitudinal  Section  Olympic  Lode,  Linden. 

The  geological  structure  is  graphically  rej^resented  on  the  ac- 
companying geological  map  of  the  centre. 
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The  main  country  rock  is  greenstone  intruded  by  peridotite 
and,  later,  intruded  by  granite  and  porphyry. 

The  mines  in  this  centre  are: — 

The  Oli/mpic  and  the  Danube,  G.M.  Leases  286r  and  859b  re- 
snectivelv- 


Fig.  25. 


•^^^fm 
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Sketch  Plan  of  Olympic  and  Danube  Leases. 

These  mines  are  on  the  same  lino  of  lode,  which  consists  of  a 
shear  zone   in   fine-grained   greenstone   about   three   feet   wide   and 


dipping  east  at  between  70°  and  75°.  In  this  sbear  zone  a  i 
reef  occurs  which  varies  in  width  from  a  few  inches  up  to  tw 
at  the  widest  part.  The  gold  occurs  in  the  quartz  and  forms  a 
about  35  feet  long  which  appears  lo  be  pitching  south  at  abou 
There  is  a  quartz  reef  coming  in  on  the  footwall  whose  inters 
with  the  lode  pitches  north  at  about  45°.  One  would  expe 
shoot  to  keep  parallel  with  this  intersection,  since  at  the  6l 
level  the  shoot  is  alongside  the  intersection.  It  is,  however,  pri 
that  there  is  a  series  of  parallel  shoots  pitching  north,  each  st 
from  the  line  of  intersection,  but  each  shoot  some  ilistance 
the  other,  as  in  Fig.  24. 

The  real  pitch  of  the  series  would,  therefore,  bo  north- 

Tke  Danube,  G.M.L.  Sr>!lR.— This  lease  adjoins  the  Olynip; 

is  on  the  same  line  of  lodp.     At  first  sight  it  looks  to  be  in 

ferent  class  of  country,  but  closer  inspection  shows  that  the 

pic  country  is  merely  an  oxidised  zone  in  the  Dannbe  count; 


LONSITUDINAL       SECTION 


Loniitudinal  Section  of  Danube  Lode,  Linden. 


The  lode  is  the  Kiimc  ns  Ihjit  in  the  Olympic  except  that 
it  iipciirs  ill  iinosiiliscd  country  llic  wnlls  are  hctter  defined, 
sh.H.ls  of  ore  occur  in  the  lode  in  a  distance  of  ;i70  feet  on  tlit 
face  (Fig.  2lil.    The  longest  sii.M)t  is  100  feet  on  the  surface  bii 
shortened  to  li.">  feet  at  a  depth  of  tiO  feet,  and  jirobably  cut 


-    I  have  been  informed  that  this  shoot  averaged  six  inches 
and  crushed  at  the  rale  of  ly^  oza.  per  ton. 
Ii  of  this  ahoot  there  are  two  more  shoots  which  are  vertical, 
iBme  length  at  65  feet  as  at  the  surface,  viz.,  75  feet  and 
The  75  feet  shoot  averaged  six  inches  wide  and  crushed 

26  feet  shoot  was  narrow  but  averaged  4  ozs.  per  ton. 

30Hth  shoot  cut  out  just  below  50  feet  and  was  poor. 

errealest  widlh  of  stone  is  18  inches,  and  there  is  generally 
seam  on  either  wall  of  the  schistose  Kone.    The  lode  dips 

i°,  and  runs  parallel  to  a  porphyry  dyke  which,  close  to  the 

ft  of  the  Olympic,  has  a  slight  dip  to  west.    This  porphyry 

1  jjrobably  cut  through  the  lode,  but  will  not  cat  if  off. 

.25.) 

Deron,  G.M.L.  903b. — The  mine  oe«urs  in  a  medium  to 

lined  dolerile   which   is   changed   to  epidiorite   in   places. 

1  lode  consists  of  a  shear  zone  in  the  greenstones  wliich 
up  to  12  inches  wide.  It  strikes  30°  west  of  north  and 
west.  A  footwall  lode  cuts  the  main  lode  and  comes  in 
north,  striking  20°  west  of  north  and  dipping  55°  west. 

lodes  should  meet  on  the  surface  very  close  to  the  south 
of  G.M.L.  !I03b  as  their  line  of  intersection  pitches  at  35° 

rlh,  and  at  the  50  feet  level  the  footwall  lode  is  about  10 
of  the  main  lode  at  a  point  36  feet  north  of  the  main 

best  shoot  of  gold  occurs  in  the  main  lode  and  south  of 
is  cut  by  the  footwall  reef,  somewhere  between  the  Main 
aft  and  the  Dreadnought  shaft.  A  block  350  feet  long  aud 
feet  to  50  feet  deep  has  been  sloped  from  between  these 
ts.  According  to  figures  supplied,  some  very  rich  stone 
1  from  this  block. 

north  workings  have  not  developed  satisfactorily  and  thn 
enerally  small. 

lopment  work  has  been  greatly  handicapped  in  the  south 
owing  to  the  salty  character  of  the  water  causing  sores 
(ion  of  the  skin  to  anyone  working  in  it, 
n-orkings  south  of  the  main  shaft  were  inaccessible  and  no 
i  be  formed  as  to  (he  size  of  the  lode  (Fig.  27). 
Democrat,  G.M.L.  Sria.— This  mine  is  the  deepest  at  Ljn- 
t  worked  down  to  nearly  400  feet.  The  lode  is  an  irregular 
ef  in  a  contorted  greenstone  schist  zone.  In  places  the 
ries  gold,  but  most  of  the  gold  comes  from  the  quartz  lead- 
and  from  the  quartz  reef. 

lode  strikes  roughly  20°  south  of  east  and  dips  75°  north. 
y  good  ore  has  been  taken  from  it.     To  the  end  of  1915, 
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1,960.25  tons  of  ore  had  been  crushed  for  4,354.18  fine  ounces. 
Jiidf^ing  from  the  workings  the  shoot  appears  to  be  between  60  feet 
to  100  feet  long  and  has  been  worked  to  a  depth  of  370  feet-  To 
provide  a  tonnage  of  1,960  tons,  12  inches  of  lode  would  have  to  be 
crushed. 

Fig.  27. 
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Sketch  Plan  of  Devon  Leases,  Linden. 


This  is  an  extremely  pro:nisiiii>:  mine,  and  it  is  a  great  pity 
that  it  is  not  being  developed.     \'ery  little  cross-cutting  has  been 
duiie  and  practically  no  driving  outside  the  shoot  of  gold.     The 
shoot  of  gold  api>ears  to  be  associated  with  a  felsitic  dyke,  which 
has  been  intruded  alonu"  the  lode  in  such  a  wav  that  the  reef  mav 
occur  on  either  side  of  the  felsite.    Sometimes  kidney-shaped  lenses 
of  felsite  are  found  isolated  in  the  schist.    The  values  are  generally 
good  wlien  the  quartz  is  close  to  the  felsite.     No  water  has  been 
struck  in  this  mine,  and  probably  will  never  give  any  trouble.  There 
is  any  amount   of  room  for  prospecting  and  development   of  this 
promising  lease.      (Fig.   2S.) 

The  Great  Jumtion,  G.M.T..  942r. — Formerly    known    as    the 
T^dy  Ethel  (i.M.I..  387r. 
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There  are  two  reefs  on  tliis  lease,  both  opciir  in  a  zone  of  con- 
•'ln\  Ki-eenstime  srhisl.  which  ha-i  been  ai|neeze(l  between  two 
-a;me  busses,  to  the  north  and  south.  The  main  reef  lias  a  general 
'nke  lo  the  noith-enst  across  the  sehists,  which  strike  to  the 
■nh-wegt.    The  noith  reef  is  roughly  parallel  to  the  main  reef, 


Sketch  Plan  of  Demoentl  workings,  Llndm, 

Fig.   29. 


9Mb  Pbra  of  Gnat  Janotion  (lite  Lady  Ethel)  workingi,  Linden. 

'''I  hs  not  been  worked  to  the  Bame  extent  as  the  main  reef.  Both 
Kvh  have  a  very  contorted  course,  sometimes  following  the  ploncs 
'if  sfhiBtosity    and    sometimes    across,    and    often    squeezed    into 
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kidneys.     The  stone  is  very  rich  at  times,  but  averages   an.    ounce 
per  ton.    984  tons  have  been  treated  for  914  ozs.  of  gold. 

The  reefs  are  apparently  cross  fissures  in  a  zone  of  great  con- 
tortion. Nothing  definite  can  be  said  of  their  behaviour.  The 
north-east  end  of  the  main  reef  is  dipping  to  the  north-west  and 
has  been  worked  to  100  feet,  while  the  south-west  end  of  the  same 
reef  dips  to  the  south-east,  having  apparently  turned  rigrht  over. 
There  is  apparently  no  definite  shoot,  the  gold  occurring'  at  the 
different  bends,  twists  and  in  the  kidneys  in  the  line  of  reef-     (Fi:^. 

29.) 

Fig.  30. 
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Sketeh  Plan  of  Great  Carbine  workings.  Linden. 


The  Great  Carbine,  G.M.L.  1024r  (406r).— This    mine    oceur-^ 
in  a  sheared  porphyrite,  which  strikes  practically  north  and  south. 
The  ore   body  is  a  quartz  reef,   striking  north-east   and   dipplrii? 
north-west  at  75  deg.    A  slioot  of  ore  has  been  taken  out  from   the 
surface  to  the  120  feet  level,  which  is  the  deepest  working  in    the 
mine.   The  shoot  seems  to  pitch  to  the  north-east.   Above  the  66  feet 
level,  the  best  stone  came  from  close  to  the  junction  of  a  footu-all 
reef  which  junction  pitches  to  the  north-east.    Below  66  feet,    tlie 
foot  wall  has  been  stoped,  it  joins  the  main  reef  and  hence  down  to 
the  120  feet  level.     The  main  reef  north-east  of  the  junction   lias 
been  untouched  below  the  66  feet  level. 

A  hanging  wall  reef  joins  the  main  reef  in  the  south-west 
workings,  but  this  junction  is  practically  vertical.    A  shoot  of  groKl 


occurs  here.  There  is  n  fine  body  of  qnartz  id  places, 
'.eet  and  more,  but  poorer  than  where  the  stone  is  small. 
s  from  this  mine  show  1,117  fine  ozs.  from  1,721  tons  of 


■0.) 


ftdak,  G.M.L.  998B. — This  mine  is  situated  seven  i 
lightly  south  of  east  of  Mt.  Linden,  and  on  the  dry  sar- 
ke  Carey. 

Iiow  was  abandoned  at  the  time  of  my  visit  and  full 
Fi-om  surface  indications,  it  appeared  to  be  a  cross 
ecomposed  greenstone  schist.  The  lode  is  a  quartz  reef 
most  east  and  west  across  a  belt  of  schist,  which  is 
rth-west  and  south-east.  The  reef  dips  to  the  north  at 
d  appeared  to  have  been  12  feet  wide  at  the  surface, 
}m  Ibe  open  cut.  The  shoot  is  about  50  feet  long.  A 
lartz  formation  runs  parallel  with  the  schists.  The 
been  opened  up  by  a  number  of  costeens,  but  appar- 
disappointing  results.  There  is  a  tai^e  body  of  stone, 
grade,  judging  by  the  results  of  crushings,  viz.  :^531 
om  l,4fi2  tons  of  ore.     (Fig.  31.) 

Pig.   31. 


acALE  OP  FErr 


I)  Pten  of  Bindah  worklngi,  7^  mllN  Mit  of  Unden. 


ireenkilh,  G.M.L.  408it.-This    is    an    abandoned    mine, 
produced  good  results,  viz. : — 5,783  fine  ozs.  of  gold  from 


3,198  tons.  Tlie  workings  are  inaoceasible,  but  I  have  been  iul 
tliat  it  Las  been  worked  to  no  greal  deptli.  The  lode  is  in  Ih 
class  of  country  as  the  Democrat  and,  judging  by  the  geo 
conditions,  this  mine  cannot  havi>  been  worked  out.  A  . 
rock  similar  to  that  occurring  in  the  Democrat  can  be  seen 
dump  associated  with  the  srbist.  The  mine  is  aitnated  cl 
Lake  Caiey, 


The  Star,  n.M.L.  881.— A  narrow  reef,  striking  north-eas 
bending  Bhar))ly  to  the  south-east.     The  bend  pitches  stceii 
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The  north-east  arm  dips  60  deg.  south-east;  the  reef 
ird  schistose  preenst»ne,  associated  with  felsite.  It  has 
ozs.  from  158  tons.  The  ree£  is  loo  small  and  the 
hard  to  malte  this  a  aatiai'aetory  proposition  for  eveo 
■ty. 

^le^  Beserre  Lease. — This  is  the  latest  development  at 
.  it  has  heen  opened  up  by  an  open  cut  witli  very  en- 
Esulls.  11  is  to  all  appearance  a  "lode  formation"  of 
lie  lypp,  and  has  several  marked  characteristics  which 
I  to  siicli  lode  formations,  viz.: — ■ 

n'alk.     Th'  uidth  of  the  ore  body  oan  only  be  dotermined  by 

s.    The  lode  ta  to  all  appearance  aimilar  to  the  surrounding 

which  is  a  tine-g:rained  greenstone. 

lode  Btrikcs  across  the  foliation  of  the  greenBtolio.  . 

!icat  ore  occurs  close  to  "  greasy  heads  "  or  "  planes  of  parting." 

<E  Buch  pUnca  being  present. 

lode  is  impregnated  nith  carbonate. 

linjr  of  30  tons  from  open  cut,  over  an  averaije  width 
t,  Kave  a  retnm  of  one  onnce  per  ton. 
eenstones  strike  13  dep.  east  of  north  and  are  ent  hy 
rkes.  striking  45  dey.  east  of  noi-th.  The  lode  forma- 
ntly  lives  tlirongh  the  porphyry  and  strikes  between 
i  8)  deg.  west  of  north,  which  is  practically  at  rijrht 
reenstone.  Tlie  lode  will  probably  be  impoverished  in 
y,  as  that  is  the  general  experience  with  such  forma- 

Je  is  practically  verlical  and  sulphides  occur  a  little 
smface,  and  lliere  is,  therefore,  less  likelihood  of  tlio 
ser'ondary  enrietiment  giving  enhaneeil  Burfdce  -pros- 
en  cut  is  situated  about  2.')  chains  nortli-east  of  Ihe  Gov- 
ik.  There  is  a  similar  formation  three  and  a  half  chains 
I  of  Ihe  main  lode,  but  not  miicli  work  has  been  done  on 


Mt    Cv  lia 
ne  prospector  was  at  Mt    Telia  hi  lllfi  on  a  prospecting 
mile  west  of  HI    Celia  Tngom  metrKal  Station     Be  was 

a  (juart/  reef  in  irranite  sinking  2S7deg  and  dipping 
e  north  east     There  are  some  large  quart?  reefs  in  the 

Ml.  telia  espicialh  in  the  greenstone  schist  near  the 
tact.  A  number  of  llicm  lia\e  been  worked,  the  gold 
oecumng  on  one  wall  unh 

imtrj  around  5It  Celia  is  well  wortliy  of  further  atten 
ally  the  long  persivtent  quartz  reefs  in  the  greenstone 

the  granite  contact 


Mt.  Howe. 
The  Mt.  Howe  workings  are  situated  two  and  a  half  miles  m 
north-east  of  Mt.  Howe  Trigonometrical  Station,  and  at  the  apt 
an  arm  granite  invading  the  greenstone  from  Mt.  Celia. 

Fig.   33. 


Plioto.:   C.  S.  Ilornnan.  Neg.   UHfl. 

Iiode  on  the  Wallab;  line  of  reef,  Torri. 

The  alliiviaJ  gold  at  Mt.  Howe  appears  to  have  been  shed  f 
a  qiiartK  reef  striking  north-east  and  dipping  north-west  and  oc 
ring  on  or  close  to  the  contact  with  the  greenstone  and  granite, 
great  deal  of  contact  metamorphiam  appears  to  have  taken  plan 
the  greenstone. 


There  is  no  record  of  the  amount  of  alluvial  gold  won.  I  have 
ftard  from  different  sources  Ihat  the  richest  claim  did  not  exceed 
"iris.,  and  it  is  doubtful  whether  the  tcrtal  readied  l.OOOoza. 


Photo.:   C.  9.  Honman.  Meg.  1381. 

Hain  abaft  and  Open  cnt  on  the  Wallaby  lease,  Tarri. 

Yarhi,  PIdjudina,  asd  PixtiiN. 
N'ot  much  development  has  occurred  at  these  eentres  since  1905 
'fi?.  '63),  when  Mr,  Maitland  (the  Government  Geologist)  reported 
"1  the  Yerilla  District',  and  Mr.  Montgomery    (State  Itlining  En- 
nneer)  in  1903  and  1905'.     (Fig.  34.) 


Prospectors  have  contiQued  to  obtain  rich  parcels  of  ore 
the  kidney  reefs  of  Ed.judina.  Thef^e  reefs  have  been  fully  desc 
by  Mr.  Muitland,  and  his  report  is  aeconipaQied  by  a  map- 

At  the  time  of  my  visit  tJie  Senate  mine  were  taking  out  a  c 
in^  from  the  north  enil  of  old  Senate  lease,  and  since  obtaii 
very  good  return. 

The  payable  kidneys  slways  seem  to  be  associaleil  with  a 
phyry  dyke,  which  is  sometimes  sheared.  This  porphyry  ca 
found  on  nearly  all  the  dumps  alon^  the  line  and  can  be  trace 
the  wl:ole  length  of  some  of  the  leases. 


At  Yarri,  tliere  are  some  iaijre  bodies  of  quartz,  but  tbe\ 
far  proved  to  be  too  low  tirade  to  pay.     (Fig.  35.) 
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Ping-in  is  a  continuation  of  the  Edjudina  line.  The  line  breaks 
rljtm«:h  the  ferruginous  quartzite  near  the  12-mile  Bore  Well  at 
'^tefihen's  Well,  where  some  gold  has  been  obtained  from  a  narrow 
rtff  in  granite  schist. 

At  Pingin  the  line  of  lode  is  on  the  east  side  of  the  Jasper 
Range,  while  at  Edjudina  it  is  west  of  the  range.  Kidney  reefs 
^•'•iir  at  Pingin  in  schists  similar  to  Edjudina. 

Mt.  Remarkable. 

This  centre  is  situated  10  miles  slightly  west  of  north  of  Yerilla. 
All  the  shows  occur  in  a  decomposed  sheared  porphyrite.  The  reefs 
^re  north  and  south  and  dip  to  the  east.  No  prospecting  is  going  on 
iiere,  and  from  the  work  done  the  shoots  are  short.  Some  alluvial 
i:o|il  has  been  obtained  in  the  gullies.  This  centre  is  remarkable  for 
^U  absence  of  any  elevation,  even  approaching  the  size  of  a  moun- 
tain. There  is  a  bit  of  high  ground  at  the  10-mile  post  which  is 
ianked  by  a  line  of  breakaways  to  the  east. 

CONCLUSION. 

The  gold-bearing  reefs  and  lodes  of  the  Yerilla  District  occur 
almost  exclusively  in  the  greenstone  belts,  but  if  in  granite,  the 
?rwiistone  contact  is  never  far  away. 

The  mining  centres  always  occur  in  disturbed  areas  where  there 
\iave  been  great  shearing  and  faulting. 

It  is  significant  that  the  majority  of  the  mining  centre-?,  in  fact 
nearly  all,  are  close  to  either  one  of  two  distinct  lines  of  faulting 
and  shearing : — 

(1)  The  Mt.  Celia-Yundamindera  fault  plane. 

(2)  Tlie  Edjudina- Yerilla  fault  plane. 

The  latter  is  not  as  distinct  as  the  former. 

There  is  practically  no  prospecting  going  on  in  the  district  out- 
^i'le  the  centre,  and  there  has  been  very  little  since  1903,  when 
^t  Maitland  stated:— 

,  "In  view  of  the  extent  of  what  may  be  termed  the  Edjudina-Yunda- 
jnmdera  mineral  belt  and  the  number  of  reefs  actuallyoutcropping  in  addition 
^  thoae  actually  worked,  there  seems  to  me  to  be  sufficient  ground  to  warrant 
^ther  more  vigorous  prospecting  than  would  hitherto  have  apparently  been 
tile  case." 

Future  prospecting  should  have  the  best  chance  of  success  if 
umlertaken  in  the  vicinity  and  on  the  strike  of  the  two  huge  fault 
planes  quoted  above,  and  marked  on  the  accompanying  geological 
^^^  of  the  district. 

As  regards  alluvial  mining,  there  is  sufficient  evidence  to  war- 
^^nt  the  statement  that  there  is  a  great  extent  of  deep  alluvial 
?roand  in  the  district  which  has  been  untouched.  There  is  more  than 
^  probability  that  such  deep  ground  contains  auriferous  leads,  es- 
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Sjyeeimens  were  collected  at  the  following  places: — 

(a)  About  two  miles  south-east  of  Pyke's  Hill. 

(b)  Near  the  three  mile  post  on  the  Yundamindera- 

Lindcn  road. 

(c)  At  Linden,  north  of  the  Lady  Ethel,  on  the  north 

fall  of  tl>e  quartz  blow. 
(^1)   On  the  west  fall  of  Mt.  Howe,  Trip:,  and  many 
other  places,  but  always  in  serpentine  country. 

Ma«xesite. — Tliis  also  occurs  in  the  serpentine  belts;  a  very 
L'")!  outcrop  can  be  seen  at  the  12  mile-post,  on  the  Yundamindera- 
linden  Road.  It  is  similar  to  the  mapiesite  now  being  mined  at 
^>ilon£r.  A  search  of  the  serpentine  belts  should  reveal  the  pre- 
v'Hfe  of  other  deposits  of  this  mineral  in  the  Yerilla  District. 

■ 

CoMMOx  Opal.— This  is  very  plentiful  in  the  ser|:entine  coun- 
^7-  but  so  far  no  precious  .opal  has  been  found. 

Sulphides. — It  is  possible  that  sulphides  will  be  found  below 
•-f  surface  on  the  ironstone  formation  that  passes  through  Hills 
u.  1  and  R.  2,  Mt.  Ruth  af  Yilgangie  and  Yandangerie.  Possibly 
•"('Per  sulphides  may  occur  along  this  line.  There  is  some  copper 
!*tainiii^  along  cracks  in  an  amphibolite  alongside  serpentine  rock, 
^e  mHe  north  of  Olympic  G.M.,  at  Linden. 

Iron.— Mr.  Maitland,  in  1903,  drew  attention  to  the  large  iron 
•*lc»sits  occurring  in  the  Jasper  (Ferruginous  Qnartzites)  Ranges 
^^  ^'djudina  and  Mt.  Millicent.  He  pointed  out  that  their  inacces- 
^I'jle  I)osition  lobbed  them  of  any  economic  value. 


»i 
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APPENDIX   T. 


GEOLOGICAL  NOTES  ON  THE  NEIGHBOURHOOD  OF  TIL 
GANGI,  NORTH  COOLGARDIE  GOLDFIELD. 


By  J.  T.  JuTsoN. 
(With  Two  Maps  and  Two  Figures,  36  and  37.) 
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Introduction'. 
The  following  notes  are  the  result  of  a  few  days  spent  in  tlie 
vicinity  of  Yil^anid  during  the  month  of  August,  1915.  They  I'ctVr 
mainlj'  to  a  small  area,  of  under  a  square  mile  in  extent,  situated 
between  two  and  three  miles  to  the  east  of  the  main  Yilgangi  d&m, 
which  is  about  50  miles  south-east  frcjm  Kookynie.  In  this  a^'^^' 
some  old  ^old  workine:s  occur.  Other  portions  of  the  district  ^^'^^ 
visited,  but  as  my  coIleaj>:ue,  Mr.  C.  S.  Honman,  is  at  present  en- 
gaged in  mai)ping  tlie  whole  of  the  surrounding  country  on  a  small 
scale,  only  .such  features  as  have  come  under  my  notice,  and  wliioii 
bear  on  the  small  area  ma})})ed  by  me  on  a  larger  scale,  w411  be  here 
touche<l  ujion.  The  jzenoral  geology  of  the  whole  district  is  ^^^' 
cribod  by  Mr.  Honman   (vide  previous  pages). 

TOPOGRAPIIV. 

The  area  discussed  forms  a  high  belt  of  country  with  a  geutk 
fall  to  the  north,  north-west,  and  north-east;  a  sharp  fall  to  the 
west ;  and  more  moderate  ones  to  the  east  and  south.  This  hii-'" 
belt  is  dissected  into  rather  steep  ridges  and  gullies,  but  beyond  tins 
belt  most  of  tlie  country  is  a  plain,  broken  by  various  isolated  l^ill^ 
and  ridges.    A  striking  exam{)le  of  a  ridge  projecting  sharply  abov^ 
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the  plain  is  the  jasper-quartz  line  of  hills  about  two  miles  to  the 
west  of  the  area  under  review,  bounding  the  western  side  of  a  narrow 
arm  of  a  large  lake  to  the  south-we»t.  The  highest  point  of  this 
rid^-e  is  Mt.  Ruth  (Trig.  Station  W18). 

Geology. 

In  its  broad  aspects  the  geology  of  the  district  is  comparatively 
simple.  Rock  belts  run  in  a  general  north-north-westerly  direction. 
Thus  between  Quandong  and  Yilgangi  (see  small-scale  locality 
and  geoloirical  map,  Plates  VII.  and  VIII.)  is  a  belt  of  sediments. 
These  include  the  rocks  to  be  more  particularly  described  in  this  re- 
lM>rt.  West  of  Yilgangi  is  a  parallel  strip  of  greeustone  stretching 
tt»  Mt.  Boyce,  and  again  west  of  this,  granite  can  be  traced  in  a 
s*«uih-westerly  direction  to  the  Menangina  Rocks,  which  form  a 
pniminent  outcrop  of  the  same  kind  of  rock.  To  the  east  of  the 
sedimentary  belt,  shown  on  the  small-scale  map,  the  rocks  are  prob- 
ably greenstones,  with  granite  intrusions,  as  at  Yarri. 

This  brief  statement  of  the  general  geology  is  made  merely  to 
sliow  the  relations  of  the  surrounding  rocks  to  those  described  more 
in  detail  below. 

The  accom{)anying  geological  map  (Plate  VII.)  shows  the  geo- 
]ojr>-  of  the  more  detailed  area.  The  rocks  of  this  area,  which  com- 
prises the  small  mining  belt  of  Yilgangi,  may  be  divided  into  sedi- 
ments and  porphyries.  The  sediments  are  chiefly  composed  of  true 
sedimentary  conglomerates,  w4th  finer  grained  rocks,  the  nature  of 
which   is  discussed  below. 

The  conglomerates  (Fig.  36)  occupy  the  ridges  of  the  high 
Kelt  described  above,  and  were  first  noted  by  Mr.  A.  Gibb  Maitland, 
Government  Geologist,  during  a  traverse  made  by  him  in  the  early 
part  of  the  year  1915.  They  probably  have  a  width  of  at  least  half 
a  mile,  and  a  length  continuously  traced  along  their  strike  of  about 
one  and  a  half  miles.  They  have  also  been  found  about  seven  miles 
to  the  north-north-west,  and  also  on  the  lake  arm  just  to  the  east  of 
the  jasper  ridge  mentioned  above;  but  with  these  extensions  we  are 
not  here  further  concerned.  So  far  as  observed  the  general  strike 
of  the  conglomerates  is  about  350°,  and  this  appears  to  be  regular 
and  persistent.  Few  sections  are  shown  to  indicate  their  dip,  but 
tho>e  small  ones  that  could  be  seen  displayed  the  rocks  as  practi- 
cally vertical. 

The  conglomerate  pebbles  are  very  abundant,  and  very  well 
rr»iinded  and  water-worn.  They  vary  in  diameter  from  one  half  an 
in€*h  to  eight  or  nine  inches,  and  some  few  are  much  larger,  one 
b^»ul<Ier  being  noticed  18  inches  in  diameter.  Althougli  the  con- 
irlomerate  has  apparently  been  subjected  to  strong  stresses,  the  com- 
ponent pebbles  do  not  appear  to  have  been  stretched  or  flattened 
to  any  great  extent.   They  are,  however,  sharply  fractured  in  places 
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bv  joints  Man\  flat  pebble*  oecur,  hut  their  oullines  are  eons 
to  he  inaiiilv  due  to  erosion  Huring'  llidr  formation.  So  far 
ammed  the  |  ebbtes  are  mostly  composed  of  quart  z-porpliy 
quartz  por(  In  rite  Tlipi  aho  probably  contain  other  isneous 
bnt  no  quoriz  pebbles  nere  noticed. 

Fig.   36, 


L'hoto,  :      J.    T.   Jiit.fiiii.  Nei;. 

Hetamoiphic  Conglomerate,  Tllg&ngi. 

Tl*  mntn\  of  the  tonglomerales  la  a  toiig-h,  dense,  pri 
rather  fine  irraineil  rofk,  nliicb,  besides  occiirrinp  imnicdi 
around  the  pdihlei,  uia^  he  Men  in  bauds  up  to  about  nine  or  t 
inelies  tliiik,  interbedded  nith  and  ckarlv  torinin<;  part  ot  tb 
posits  ri  ])  resell  ted  h\  llie  eoni;)omei  ales  This  matrix  has  thi 
peariinci  of  a  rock  of  ipneons  origin  In  band  specimens  al<i 
\\ould  he  so  detirinined  but  its  assoiiation  witli  the  conelomc 
as  a  matrix  and  it-  iiitfrbidded  bands  sivtrest  that  it  has  beo 
lived  from  mIIki  Iiik  oidiiiarv  M'dimentnii  material,  or  Iron) 
\oleniiit  electa  tailing'  into  the  «ater  containing  the  i>ebbl(S, 
niiMii^  uiih  th<  ordinarv  sediments  In  tlie  held  its  appeal 
sUf,s:f-te[1  that  il  was  imssihlv  a  tuff 

As  tin  i|uestiiin  of  the  oivni  of  the  nmtri\  was  ot  impori 
in  tb(  lif-lit  It  mi.Ut  throu  not  onlv  on  the  histor\  of  the  com 
eratis,  but   of  otbtr  niiks  elsewhere,  two  specimens  from  the 


beds  were  Bobmitted  to  the  Petrolopist  for  mieroseopiBa. 
in.     One  Ltis]    fepreaenls  an  actual  portion  of  the  con 

coptaming  both  pebbles  and  luatni,  and  the  meont. 
i  taken  from  a  fine  jrrained  band  about  nine  ineliea  thick 
S€  from  pebbles  in  ttie  conKlom crates  this  undoubtedly 
tion  of  the  mntri\  Both  speeimcns  were  colloeted  fron 
I  of  the  old  mam  road,  west  of  tlie  30  mile  post  Th( 
ie  results  are  as  followa  — 

.    Loe     south  of  tlie  Old  Road,  near  30  M  P ,  Yil^angie 
It  (>retish  gre«n  rock  ronsisting  Of  a  rather  fine  grained  inntru 
rouniled  pebbles  and  angular  fragments  ot  different  roeks 
he   s|iecimen   oonsist''   of    a    matrix    encloBiiig    largo    roumlei 
ar  rork  fragments) 

Hatnr — Thia  is  a  rather  tine  grained  agglomerate  ronaistint 
I  of  fine  quartz  motiaic  broHnisb  vetlaw  hornblende  plates  an 
gged,  rounded  and  angular  fragments  of  (a)  a  roek  ronsiiitint 

email  phenocrtsti  of  felspar  in  a  feathery  felipatlue  grouut 

a  feathery  andeBito  or  porphvrito. 

Almost  rryptoerVHtalline  material  heavily  charged  nith  minut 
ipidoto  and  zoisite  and  with  apparently  a  waiv  How  Btnictiire 
)eeasional  crjstal  plates  of  feUpar  and  irregular  platv  ealcite 
Elongated  pat<lies  of  minute  feathery  lathsliapel  felspar 
kith  zoiBite  and  epidote  granules  and  with  phenoirvsts  o 
rellow  hornblende 

{ounded  fragments  of  a  rock  with   phenocryts  of  horntlend 
'  of  felspar  in  a  en ptocrvstalline  grounlmass  m  which    how 
ure  felspar  laths  Lan  be  detectei 
{oiinde  I    fragments   consisting   of   square   tabular   phenocr>st 

ia  a  fine  platT  ground  mass  of  quartz  an  1  felspar 
\reas  of  microprTstalline  and  crvptoirvBtallme  material  heaMl 
vith    broHnish  lellon    chloritic   sale?   and   calcite   grait  s   an 
hes  of  qnartz  mosaic 

Portion  of  the  matrix  coniists  of  a  mwt  of  quart?  [  Hte>i 
ates,  hornblende  fragments  and  talcite  grains  an  I  plates  witl 
IB  of  microcrystallme  mosaic 

kn   occasional   irregular   form   of   a   fine  grained   rock    deiisel 
I'ith  black  dnst  and  cormsting  apparenth    of  minute  hths  o 
tilorite  flcalei,  and  ociasional  calcito  grams 
■ock  fragments,  therefore,  consist  largelj   of  an  leaitic  \orietie 
tiporpli>ry  or  porphrrite 
'ebblet, — These  include;  (a)  acid  porphyry,  quartz -porphyry,  o 

forms  consisting  of  latli-shaped  felspars  of  some  size  formini 
plexus  of  low  birefringence  with  numerous  small  opaque  grc, 
aggregates  and,  rarely,  chloritic  scales.  Tlie  rock  is  obscur 
but  resembles  certain  facies  of  an  andesite  or  porphyrite. 
>ck  is  :t  volcanic  agglomerate  matrix  composed  of  large  rounde' 
ar  crystals  and  crystal  frHgments  of  quartz,  feisiiar,  and  horn 
id  small  pieces  of  andesitic  and  porphyritic  rocks,  and  enctoF 
larger  rounded  or  angular  pebbles  of  porphyry  and  porphjrit 
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[tts"]-   ^^^'  ^^  above: 

A  sheared  fine-grained  greyish-green  rock  with  granular  structure 
resembling  that  of  arkoees  or  greywackes.       There  arc  few  but  distinct 
oval  pebbles  enclosed  in  the  rock  mass. 

S.  A  fine-grained  rock  consisting  of  rounded  microcrygtalline 
mosaic  areas — in  one  of  wbicli  is  a  nest  apparently  of  tourmaline  needles 
— small  rounded  and  oval  areas  of  a  somewhat  feathery  lath-shaped 
felspathic  andesite,  similar  areas  of  a  j^orphyritic  rock  with  phenocrysts 
of  felspar  in  a  fine  lath-shaped  felspathic  ground-mass,  irregular  forms 
of  cryptoerystalline  mosaic — at  times  finely  micacised — granular  and 
platy  carbonate,  crystal  plates  of  quartz  and  felspar,  all  held  together 
apparently  by  chloritic  material  in  patches,  and  calcite,  though  cementing 
material  is  largely  undifferentiated  from  the  mass  of  the  rock.  The 
larger  enclosed  pebbles  consist  of  a  fine-grained  mass  of  minute  felspar 
laths  with  a  fairly  distinct  parallel  alignmeut,  due  probably  to  original 
flow  structure.  5.'umerous  minute  micaceous  scales  are  scattered  over 
this  mass. 

The  rock,  again,  is  an  agglomerate,  chloritic  and  partially  carbon- 
ated, composed  of  small  rounded  portions  of  rocks  generally  very  similar 
to  those  in  [7-12!  ^^*  ^^  hornblende  crystals  are  visible  in  '"i^l-^],  and 
the  grain  is  nner.  The  occurrence  of  angular  quartz  plates  and  the 
general  structure  produce  a  close  resemblance  to  an  arkose,  though 
in  place  of  fragments  of  minerals  there  are  rounded  fragments  of 
several  rocks,  and  hence  the  rock  is  properly  an  agglomerate.  In  places, 
with  an  increase  in  the  number  of  quartz  fragments  and  mosaic  areas, 
the  resemblance  to  arkose  becomes  stronger. 

Thus  the  matrix  is  a  volcanic  agglomerate  with  a  tendency 
towards  an  arkose.  The  character  of  the  pebbles  shows  that  the 
rock  as  a  whole  is  a  true  sedimentary  conglomerate,  and  the  ex- 
jilanation  of  the  matrix  is  that  fine  volcanic  material  has  been 
laid  down  under  water  with  the  ordinary  fine  sediments  deposited 
amongst  the  pebbles.  Later  the  whole  rock  mass  has  been  changed 
into  the  present  metamorphic  conglomerate. 

Associated  with  the  main  mass  of  conglomerate  and  apparently 
quite  conformable  to  it  on  the  flanks  of  the  ridges  are  some  finer 
grained  somewhat  gritty-looking  rocks,  w^hich  on  field  relationships 
are  apparently  metamorphosed  sediments.  They  may  be  observed 
at  the  old  workings  in  lease  802r  (through  which  the  new  main  road 
pa>«scs),  and  extend  eastward  from  there  for  a  considerable  dis- 
tance. They  also  apparently  occur  to  the  west  of  the  main  con- 
glomerate outcrop,  and  in  one  place  are  possibly  represented  by  a 
very  schistose  rock  [  ^ig]  on  a  ridge  just  west  of  the  29  mile  post 
on  the  old  main  road. 

Some  of  these  rocks  have  been  examined  by  the  Petrologist. 
The  following  is  his  description  of  [vJ^l,  [Aiif  Ltob]*  and  [^JtI- 
[^^,^].    Loc.  Lease  802R;  from  Dump: 

A  dull  greenish-grey  somewhat  sheared  fine-grained  rock. 

R.  There  are  a]>parent  phenocrysts  of  felspar  and  crystals  of 
quartz  in  a  fine-grained  microerystalline  ground-mass  or  matrix,  whiHi 
is  obscured  by  granular  and  small  platy  calcite  and  minute  sericitic 
scales  in  indistinct  strings  and  aggregates  as  well  as  scattered  greenish 


scales.  Both  the  felspar  and  quartz  crvatals,  however, 
I  outline  and  appear  as  if  brokeD  Occasionallv,  honei 
}^Bta1s  occur  which  appear  almost  quite  euhedral,  though, 
a,  thej  are  broken  jn  pieces  and  Kranulatod  at  the  iiiarg^ 
J  tlje\  are  much  micacised  ami  kaolini'tcd  The  ijuartz  crvsl 
all}  angular,  sometimes  triangular,  at  times  long  etripii, 
1  broken,  more  or  Ipss  granulated,  margins  There  are  a 
iciilnr  aggresatea  and  needles  of  rutile,  while  some  of 
fonnq  suggest  an  origin  from  pre  resisting  ferro  magnee 
Oi  iflsionally  there  are  elongated  areas  of  minute  morale,  c 
to  the  break  down  of  a  felspar  or  quartz  plate 
niportant  question  is  nhether  the  rock  is  a  sheared  porjihyi 
and  tins   owing  to  the  obsuiintj  of  the  slides,  is  difficult 

rigin  from  a  porphjnte  is  supported  bj  — 
I  The  larger  amount  of  the  line  grained  matrix  or  ground  ni 
which  makes  up  the  bulk  of  the  roek,  its  homogeneity  i 
non  elastic  stniftiire — so  far  as  it  can  be  made  out 
also  resembles  thit  of  ffU]  except  for  the  pronoun 
sericitisation  and  carbouation  in  [7^]  It  certai 
appears  more   t^losel}    resembling   an   igneous   ground  ni 

)  The  occurrence  of  felspar  crystals  appearing  eiaetly 
phenocr^sts  in  a  ground  mass 

eiideme  in  fat  our  of  an  origin  from  an  arkose  is  — 

)  The  occurrence  of  rather  frequent  ^ery  angular  crjstals 
quartz,  which  in  nearly  all  cases  haie  no  idiomorphic  be 
daries,  but  are  almost  all  triangular,  or  like  long  str 
It  must  be  admitted  however,  that,  rareh,  there  is  eiide 
of  embayment  of  the  quartz  margins  bv  the  ground  m 

)  The  occurrence  of  numerous  truncate!  broken  and  angi 
and   wedge  shaped   crystals   of   felspar 

I  The  fact  that  thn  undoubted  porphyrites  of  the  iiLinitv  ( 
tain  only   rareh   anv  quartz  as  phenocrysts 

Bociation  with  this  rock  must  be  taken  [^j^l  and  [)o„] 

,   Loc.  ..  m[,J,]. 

rk'grey,  sheared,  medium -grained  rock  with  crj'stals  of  fela 

ron-stained  spots,  and  grains  of  quartz  visil>le  to  the  iial 

'onsists  of  subhedral  and  ragged,  large  crystals  of  kaolini 
ad  euhedral  strips,  and  ragged  rectangular  crystals  of  quart: 
sericitieed  and  chloritised  more  or  leas  stringy  scaly  mass, 
al!  quartz  veins  are  also  visible.  Many  of  the  felspars 
,  but  many  also  stand  out  as  "eyes,''  round  which  curve 
and  chloritic  strings.  The  mass  in  nhii^li  the  plienocry! 
I  eml>edded  resembles  a  ground-mass  rather  than  a  matrix, 
semblance  is  to  be  noticed  between  this  slide  and  that  of  [, 
le  latter  is  much  sheared  and  almost  slaty.  The  structure 
suggests  much  fracturing  of  the  constituents. 

,   Loe.  as  in   [-^5,] 

■ed  I 
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sericitic  and  chloritic  scales,  it  m  less  like  an  igneons  ground-mass  than 
the  ground  of  [^i^],  but  still  unlike  a  matrix.  There  are  also  very  large 
anhedral  quartz  plates. 

A  peculiar  feature  of  one  slide  is  the  occurrence  in  it  of  an  apparent 
oval  pebble.  In  ordinary  light  the  difference  between  the  oval  form  and 
the  surrounding  material  is,  however,  small.  There  is  a  more  sheared 
structure  in  the  latter,  a  much  smaller  amount  of  greenish  chloritic 
rods,  a  greater  amount  of  felspar  phenocrysts,  and  occasionally  areas, 
composed  in  some  cases  of  numerous  small,  stout,  lath-shaped  turbid 
phenocrysts  of  felspar  in  a  minute  ground-mass  and  apparently  not 
sheared,  in  others  of  a  microcrystalline  ground,  in  which  are  small  quartz 
and  felspar  phenocrysts,  in  others  of  microcrystalline  mosaic.  In  the 
oval  form,  however,  which  is  intensely  micacised  as  well  as  bestrewn 
with  chloritic  rods  and  grains  of  oxidised  ferriferous  carbonate,  there 
are  large  and  small  areas  of  microcrystalline  mosaic,  rounded  areas 
formed  of  a  mass  of  chloritic  rods  and  scales  and  minute  mosaic  and 
apparent  laths  of  felspar,  now  completely  micacised  and  separated  by 

j  strings  of  micaceous  scales.     There  do  not  appear  to  be,  however,  any 

'.  largo  phenocrysts  of  felspar. 

Without  doubt,  the  appearance  of  the  slide  suggests  a  matrix  en- 
closing an  oval  pebble,  though  the  continuation  of  the  chloritic  scales 
throughout  the  slide  argues  a  continuity  of  the  rock  mass. 

Sections  at  right  angles  to  the  shearing  evidence  extreme  deforma- 
tion, cracking,  granulation,  and  micacisation  of  the  felspars  and  quartz 
crystals,  and  drawing  out  of  the  chloritic  rods  and  scales  into  stream 
lines.  In  places  almost  undoubted  phenocrysts  of  partially  granulitised 
quartz  occur. 

[tIt]-  Loc-  as  in  [.j^]. 

A  yellowish-grey,  slightly  sheared  porphyritic  rock  with  numerous 
phenocrysts  of  felspar  l)oth  large  and  small,  many  obviously  sericitised. 

S.  A  highly  porphyritic  rock  with  numerous  phenocrysts  of 
felspar  in  a  microcrystalline  ground-mass,  in  which  also  are  numerous 
small  rounded  iron-ataincd  patches,  ragged  columns  and  granular  aggre- 
gates, doubtless  representing  the  original  ferro-magnesian. 

The  i)henocrysts  are,  so  far  as  can  be  made  out,  largely,  if  not  all, 
of  plagioclase  frequently  exhibiting  a  zonal  structure,  and  all  turbi<l 
from  kaolinisatiou  and  micacisation ;  the  felspar  of  the  ground  is  largely 
micacised,  with  a  stringy  arrangement  ot  the  scales  round  some  of  the 
phenocrysts.  Quartz  grains  and  occasionally  coarse  quartz  mosaic  are 
visible  in  the  ground-mass. 

The  rock  is  a  quartz-porphyrite,  probably  a  facies  of  [^l*]* 
sheared  and  altered  by  kaolinisation,  chloritisation,  and  micacisation. 

Those  are  from  a  series  of  dumps  in  lease  802r  on  the  New 
Yilgangi  road;  no  field  relations  can  be  determined  between  them. 
The  microscopical  examination  gives  no  definite  results,  [yj^l  tnay 
be  either  a  sheared  porphyrite  or  an  arkose,  and  another  [^i^ "J  sug- 
gt«ts  a  matrix  enclosing  an  oval  pebble,  although  other  considera- 
tions argue  a  continuity  of  the  rock-mass.  [y^T-l  *^  described  as  a 
(luartz-porphyrite,  probably  a  facies  of  the  porphyry  to  be  described 
below.  The  field  evidence  must  decide  the  questions  as  far  as  pos- 
sible. As  small  dykes  of  the  porphyry  are  found  in  the  conglom- 
erate, [yjyj  is  probably  an  intrusive  rock.  With  regard  to  the 
others,  the  general  field  evidence  suggests  that  they  are  metamor- 
,  phosed  sediments,  forming  i>art  of  and  being  conformable  to  the 
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conglomerates  already  mentioDed,  and  being  intersected  by  small 
dykes  or  veins  of  porphyry  or  porphyrite. 

The  following  is  the  petrological  description  of  [fis]  which  is 
from  some  distance  to  the  west  of  the  main  conglomerate  ridge: — 

[>.|jy]   Loc,  Ridge  W.  of  29  M.P.,  Old  Road: 

A  grey,  highly  sheared,  almost  laminated  slaty  rock  with  numerous 
minute  black  knots  on  the  shear  surfaces. 

S.  The  rock  is  best  described  for  the  present  as  a  quartz- 
sericitic-chloritic  phyllite.  It  consists  of  minute  sericitic  and  chloritic 
strings  separated  by  elongated  quartz  plates  and  with  associated  greenish 
chloritic  scales,  curving  round  frequent  rounded  chloritic  forms,  which 
now  appear  to  be  composed  of  chloritic  scales  in  a  quartzose  mosaic, 
but  which  in  places  suggest  a  possible  origin  from  felspathic  forms.  The 
resemblance  to  certain  forms  in   [,^^1   has  already  been  noted. 

The  sericitic  strings  are  sometimes  so  dense  as  to  form  a  sericitic 
felt,  with  the  long  axes  of  the  scales  parallel.  They  are  generally  curved, 
wavy,  or  contorted.  The  chloritic  ^* eyes''  are  not  uncommon,  but  their 
origin  is  not  ascertainable  with  certainty. 

The  nature  of  the  rock  and  its  field  occurrence  (as  part  of 
the  general  sedimentary  series  of  the  district)  also  suggest  that  this 
rock  has  been  derived  from  a  sediment. 

Various  quartz  reefs  occur  in  the  conglomerate,  but  none  of 
any  consequence  has  been  worked.  The  reef  in  the  old  lease,  802r, 
upon  which  a  fair  amount  of  sliallow  work  has  been  done,  is  in  the 
fine-grained  metamorphic  sediments  a  few  chains  east  of  the  con- 
glomerate junction. 

The  porphyry  (wiiich  has  been  described  by  the  Petrologist 
(see  below)  as  a  hornblende-quartz-porphyry,  partaking  of  the 
nature  both  of  a  quartz-syenite-i^orphyry,  and  of  a  quartz-horn- 
blende-porphyrite)  outcrops  on  the  conglomerate  ridges,  and  is  no 
fioubt  largely  responsible  for  such  ridges  by  reason  of  its  weather- 
ing-resisting power.  It  is  a  handsome,  usually  massive,  grey  rock, 
with  white  porf)hyritic  crystals  of  felspar,  up  to  three-quarters  of 
an  inch  in  size  (Fig.  37).  The  following  is  the  petrological  de- 
scription : — 

[ttt]*  ^^^-y  south  of  Old  Road,  near  30  M.P. : 

A  dark-grey  highly  porphyritic  rock  with  numerous  large  white  fel- 
spar phenocrysts  and  innumerable  smaller  crystals  in  a  dark-grey  ground- 
mass  in  which  an  occasional  basic  segregation  can  be  seen.  Rarely  a 
small  quartz  crystal  is  visible.  Some  of  the  felspar  phenocrysts  exhibit 
an  bdistinct  structure. 

8.  There  are  numerous  large  and  small  phenocrysts  of  felspar,, 
numerous  ragged  prisms  of  greenish  hornblende  and  greenish  scales 
and  aggregates  of  chlorite,  and  yellowish -green  biotite  in  a  minutely 
Rrained  mierocrystalline  ground-mass  of  felspar  and  some  quartz.  Very 
rarely  a  large  rounded  phenocryst  of  clear  quartz  is  visible.  Minute 
wales  of  yellowish-green  chlorite  are  scattered  all  over  the  slide  as  well 
as  grains  of  sphene,  epidote,  and  zoisite,  while  granular  and  small  platy 
calcite  is  not  uncommon. 
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The  felspar  phenocr^sts  are  in  sooie  cnsea  much  kaoliiiiaed,  in  othi 
fairlv  fresh.  The  largest,  howpver,  are  only  elightlj  kaolinisei,!,  cbie 
at  the  marBins  OccaBionally  some  are  muaciseil  or  mcliiJe  il11o« 
cliloritic  scales  and  Kraiiiilar  carbonate  Two  or  three  a|  ecjes  are  prese 
The  more  altered  forma  are  usually  a  t«iiined  plagioclaB©  which,  bo  : 
a*"  tail  be  male  out  la  a  raflher  basii  oliffoclaie  m  some  ca^a  thi 
exhibit  a  zonar;  banding  \  strihiug  pciuliarity  la  the  faet  that  ' 
lar)(eat  phenoer^sti  abou  the  cbirarteriatic  gridiron  atructure  of  inui 
ilitie  are  lesa  kaoliniaed  that  the  others,  and  frequeatly  enilose  eiihe) 
erf  atala — both  large  and  aiuall — of  much  kaoliniaed  plagioi  !i 
ehoning  both  Carlsbad  and  albite  twinning  Moreover,  m  these  lar, 
phenocrvsts  the  presence  of  an  albite  interuronth  is  reiealed  bv 
difference  in  optical  orientation  of  ainall  patihes  in  the  crystal  "^o 
cryatali)  of  green  hornblende  anil  s]>hcne  granules  are  also  id  pla 
enclosed  with  the  turbid  [dagiOLlasp  The  rock  la  a  pecuhar  tvpe  lug 
porphyritic,  and  Irom  the  acid  nature  of  the  felsi  ars  the  preaenm 
though  rare — of  quartz  phenn  rvsts  and  quarti  m  the  ground  masa  i 
the  1  resence  of  a  considerable  amount  of  hornblen  le  it  partjjtes 
the  nature  both  of  a  quart?  svenite  porph\rv  anl  of  a  quart?  hornblen 
porphirite      It  is  put  down  as  a  hornblende  quartz  porphTry 

This  roek  would  tai^e  a  fine  )ifh«b,   ami   if  more  aeceasil 
would  be  of  \alue  ns  an  ornamental  stone      It  frequently  proje 

Fig.  37. 


.   T.  JvifTOii.  Neg.  1 

Hornblende  Quartz  Porpbrry.  YilEansi. 

l>l.^^.  s,.mo  of  llie  bouldi-rs  of  wliieh  are  aoinewliai  ronm 
Iliy    rock    weatlierinp  by  cxfulialion,  and  il  is  traven 
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with  more  or  less  irregular  joints.  The  mapping  shows  that  the 
porphyry  is  intrusive  into  and  therefore  later  than  the  conglomerate. 
At  its  southern  end  it  has  two  tongues  which  unite  a  few  chains 
south  of  the  old  main  road,  north  of  which  it  narrows  and  dies  out 
about  20  chains  to  the  west  of  lease  802r.  In  its  general  trend  it 
is  parallel  to  the  strike  of  the  conglomerate,  and  in  places  it  is 
cleaved  or  foliated  in  the  same  direction.  It  varies  in  width  from 
about  four  to  12  chains.  Along  the  old  main  road  west  of  the  30 
raile  post,  a  small  patch  of  the  conglomerate  has  been  included  in 
tlie  porphyry,  but  beyond  this  no  inclusions  of  the  conglomerate  or 
of  its  constituent  pebbles  were  noticed,  although  they  may  occur 
without  having  been  observed.  The  boundaries  between  the  two 
rocks  are  as  a  rule  quite  sharp,  and  it  seems  probable  that  the  con- 
glomerate has  been  metamorphosed  prior  to  the  intrusion  of  the 
porphyry. 

Some  small  quartz  veins  occur  in  the  porphyry,  and  some  have 
bad  a  moderate  amount  of  mining  work  done  on  them,  but  so  far 
as  could  be  seen,  they  appear  to  be  more  in  the  way  of  irregular 
leaders  than  well-defined  quartz  reefs. 

The  boundaries  of  the  conglomerate  and  porphyry  cannot  be 
traced  to  the  south,  where  the  country  falls,  as  sandy  flats  prevail, 
and  prevent  the  determination  of  the  underlying  rocks. 

In  addition  to  the  main  mass  of  porphyry  mapped,  several 
small  unmapped  dykes  occur. 

Mining. 

Lodes. — As  already  mentioned,  the  auriferous  belt  in  Yilgangi 
appears  to  be  very  small.  It  is  undoubtedly  narrow,  but  there  is  a 
possibility  of  the  extension  of  the  lodes  both  to  the  north  and  to  the 
south.  If,  however,  they  exist  in  either  direction,  they  will  not  be 
easily  discovered  as  the  ground  is  lower  and  more  or  less  covered 
with  superficial  deposits. 

The  lodes  are  quartz  reefs,  and  somewhat  irregular  veins.  They 
occur  in  the  conglomerates,  finer  grained  sediments,  and  the  por- 
phyry. As  a  rule  they  have  not  been  mapped.  The  largest  reef 
occurs  in  the  finer  grained  sediments  in  lease  802r,  and  crosses  the 
new  main  road.  It  is  only  a  foot  or  two  thick,  and  strikes  a  few 
degrees  to  the  west  of  north  parallel  to  the  general  strike  of  the  con- 
grlomerates.  It  underlies  to  the  west.  This  reef  has  been  worked  by 
an  open  cut,  and  by  several  underlay  shafts,  but  apparently  only 
to  shallow  depths.  The  country  is  very  hard  and  tough,  and  the 
reef  would  require  to  be  fairly  rich  to  be  payable  under  these  con- 
ditions. 

In  the  porphyry  some  quartz  veins  have  been  opened  up,  but 
SK)  far  as  could  be  seen  they  are  rather  irregular  and  thin.  They 
are  not,  therefore,  likely  to  be  permanent.     Moreover,  the  country 
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is  tough  right  to  the  surface,  and  this  makes  the  working  costly. 
Some  shallow  workings  occur  on  the  old  main  road  about  25  chains 
west  of  the  30  mile  post.  More  extensive  workings,  with  several 
shafts,  occur  about  30  chains  to  the  south.  Both  veins  strike  ap- 
proximately east  and  west,  and  underlie  to  the  south. 

uilluvial  Deposits.— A  few  small  patches  have  been  turned  over 
for  alluvial,  but  evidently  not  much  gold  has  been  obtained. 

Gold  Yield. — The  following  table  shows  the  gold  yield  of  the 
Yilgangi  Mining  Centre  to  the  end  of  1915.  The  average  return  is 
fairly  good,  but  the  quantity  crushed  is  small: — 

Table  shoiving  the  Gold  Yield  from  the  Yilgangi  Mining  Centre. 


Year. 


Name  and  Number  of  Lease. 


Ore 
Crushed. 


Gold 
therefrom. 


1899 
1903-4 
1905 
1907 


Bush  Boys,  439r 
Yilgangie,  692b   . . 
Yilgangie,  802r   . . 
Mount  Yilgangie,  854r 


Tons 

Fine  oza. 

(2,4401b8.) 

94-76 

106-35 

7900 

169-49 

3000 

12-36 

1500 

7-25 

218  75 

296-45 

Average  per  ton  —  1*35  fine  ozs. 
(Note. — Lease  802r  is  part  of  the  earlier  Lease  692r.) 

Summing  up  the  mining,  it  may  be  said  that  little  has  been 
done,  and  that  little  more  is  likely  to  be  done,  as  the  reefs  are  ir- 
regular, thin,  and  very  hard  country. 

ISth  August,  1916. 
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APPENDIX  II. 


PETR0L06ICAL  NOTES 
ON  SOME     RCCKS     FROM     THE     TERILLA     DISTRICT, 
NORTH  OOOLGARDIE  GOLDFIELD. 


BY 
R,  A.  Farquharsox,   M.A.    (Oxon.)j   ^t^* 


GROUP  A. 

[re'ffs]-     I-'OC. :     Mt.  Millbank. 

A  weathered  amphiboliaed  dolerite  or  epidiorite,  with  fibrous 
pale  vellow-green  hornblende  more  or  less  ehloritised,  small  columnar 
opaque  grey  granular  felspars  and  large  patches  of  ilmenite  in  course 
f^f  alteration  to  lencoxene.     Quartz  is  apparently  absent. 

[§Ja].      Loc. :     Water  Supply  Paddock,  Linden. 

A  fine-grained  dark  green  rock.  In  section  it  is  seen  to  be  ex- 
tremely decomposed,  and  to  consist  wholly  of  a  minutely  granular 
mass  of  felspar  and  quartz  grains  with  numerous  minute  scales  of 
vfllowish  and  greenish  chlorite,  a  few  small  grains  and  strips  of 
^•alritp,  a  few  wisps  of  pale  grey-green  chloritic  material  with  fine 
associated  calcite,  and  minute  grains  of  iron  ore  and  pjmtes.  In 
places  there  are  one  or  two  large  columnar  patches  now  reduced  to 
a  granular  mass  of  quartz  and  felspar  plates,  which  appear  to  have 
been   phenocrystal   felspars. 

The  characters  of  the  rock  are  indistinct,  and  it  is  impossible  to 
fnve  a  definite  name  to  it.  It  may  have  been  a  fine-grained  amphl- 
bolite,  though  the  outlines  of  probable  phenocrystal  felspars  suggest 
a  porphyrite. 

[nrVel-  Loc:  Peak,  two  miles  south-west  of  17-Mile  Bore 
Well,  Yundamindeia-Linden  Road. 

Consists  of  small  columns  and  grains  of  fresh  augite  separated 
by  a  large  development  of  opaque  grey  columnar  felsjiars  with  a  few 
quartz  grains  and  ilmenite  and  leucoxene  plates,  felspars,  zoisitised, 
epidotised,  and  kaolinised.  Rock  best  described  as  a  felspathic  dolerite 
^'ith  a  little  quartz,  much  highly  altered  felspar,  and  with  some  re- 
wmblancc  to  augite  andesites. 

Wiff]-  Loc:  Half  mile  south-east  of  Hill  R67,  Lake  Raeside. 
A  much  weathered  dark  green  rock  with  small  yellowish  carbonate 
crystals.  In  section  it  is  much  decomposed,  and  consists  of  scales  and 
patches  of  green  isotropic  chlorite  with  plates  and  grains  of  a  carbonate 
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that  is  ferriferous,  large  grains  of  black  iron  ore,  small  grains  of 
epidote,  etc.,  all  in  an  indistinct  felspathic  and  to  a  smaller  degree 
qiiartzose  mass,  in  which  remains  of  columnar  crystals  of  felspar  can 
be  seen.    The  structure,  though  very  indistinct,  is  suggestive  of  a  dolerite. 

The  rock  is  a  highly  chloritlsed  and  carbonated  amptaibolito  or 
dolerite. 

Uirl-       Loc. :    South-east  corner  of  Cemetery  Reserve,  Yunda- 
mindera. 

Consists  of  a  remarkably  large  number  of  large  phenocrysts  of 
augite,  some  with  indistinct  zoning,  in  a  ground-mass  composed  of 
minute  laths  of  felspar,  grains  of  augite  of  varying  size,  and  some 
small  rounded  grains  frequently  exhibiting  cracks,  a  brown-red  alter- 
ation and  straight  extinction  on  the  rare  crystal  boundaries.  While 
quite  a  number  of  these  grains  are  undoubtedly  augite,  as  proven  by 
the  presence  of  cleavage,  some  exhibiting  no  cleavage  are  referred 
with  doubt  to  olivine.  The  felspar  laths  in  places,  particularly  near 
the  margin  of  the  phenocrysts,  exhibit  distinct  flow  structure.  The 
augite  appears  in  two  generations,  the  phenocrysts  and  the  small 
grains  of  the  ground-mass.  The  structure,  especially  of  the  ground- 
mass,  is  that  common  in  some  basalts.  The  rock  is  a  finely  porpbyritic 
basalt,  though  from  the  large  amount  of  augite  it  has  some  affinities 
with  augite  Jamprophyres  or  camptonites. 

[ftl^l      Ijoc:   Hill  three  miles  slightly  south  of  east  of  Steph- 
anis  Well,  Pinjin-Edjudina  Road. 

A  fine  granular  limestone  consisting  of  numerous  small  granular 
aggregates  of  a  carbonate  with  a  few  interspersed  grains  of  quartz 
and  some  scales  of  muscovitic  mica  "with  associated  needles  of  rutile. 
The  limestone  is  in  part  dolomitic,  In  part  calcareous,  since  it  effer- 
vcHces  in  cold  acid. 

[999]-       TjOC.  :    North  fall  of  Water  Reserve  Hill,  Linden. 

A  dense-black  fine-grained  somewhat  soft  rock,  resembling  some 
black  andalusite  shales  from  the  Kookynie-Niagara  district. 

S.  Consists  of  a  fine-grained  dense-black  granular  mass  in 
which  are  numerous  small  squares,  long  and  short  laths,  and  aggregates 
of  squares  of  a  colourless  mineral.  These  latter  forms  prove  to  consist 
of  numerous  highly  birefringent  mica  scales  to  a  small  extent  charged 
with  black  dust.  On  closer  examination  the  fine-grained  black  mass 
is  seen  to  be  composed  of  indistinct  highly  'birefringent  plates  similar 
to  the  above  but  rendered  nearly  opaque  by  being  densely  charged  with 
a  black  graphitic  dust.  The  determination  of  the  forms  is  difficult. 
The  mica  is  evidently  a  decomposition  product,  since  rarely  some  forms 
without  mica  can  be  seen.  These  are  of  moderate  refractive  index  and 
biaxial,  and  so  far  as  can  be  made  out  positive,  but  they  may  be  in 
some  cases  themselves  decomposition  products.  The  identity  of  the 
mineral  is  doul}tful.  In  the  form  of  the  crystals,  in  the  decomposition 
I)roducts,  in  the  presence  of  amorphous  carbonaceous  grains,  and  in  the 
biaxial  character,  it  rather  resembles  altered  (micacised)  andalusite, 
thou^li  the  ap]»arent  [jositive  character  of  at  least  one  plate  is  difficult 
to  exjjjain,  unless  it  is  a  decomposition  product  such  as  albite  present 
in  the  rock. 

The  rock  is  a  black  carbonaceous  or  amorphous  graphitic  shale. 
with  a  larg«»  development  of  a  mineral  referred  with  doubt  to  andalu- 
site. It  is,  therefore,  probably  a  contact  metamorphic  product  from 
an  aluminous  carbonaceous  shale. 
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^-  laTfl'  Loc:    Four  miles  west  of  Gabbro  Hill,  Edjudina. 

A  yellowish-white  fragmental  rock  consisting  of  numerous  small 
near  glassy  quartz  fragments  united  by  a  yellowish-white  cement; 
somewhat  banded  and  stained  reddish  by  FeO^.  S.  Consists  wholly 
of  numerous  angular  and  slightly  rounded  grains  of  quartz  with  rarely 
s'.me  kaolinised  felspar  in  a  kaolinic  cement,  white  by  light.  The 
roik  is  a  kaolinic  grit  with  kaolinic  cement. 

Isid]        Log.  :    Wallaby  Central,  Yarri. 

A  dark-grey  rather  fine-grained  rock  with  an  incipient  gneissic 
structure  in  very  fine  folia.  Small  grains  of  quartz  and  felspar  are 
visible.     The  rock  is  rather  strongly  charged  with  pyritic  ore. 

S.     (1.)   Parallel   to   the  foliation. 

Minerals:  quartz,  felspar,  green  chlorite,  brown  chloritic  biotite, 
fpidote,  zoisite,  muscovite,  caleite,  pyritic  ore. 

(2.)   At  right  angles  to  the  foliation. 

In  these  sections  the  rock  consists  of  imperfect  lenticular  bands 
of  quartz  mosaic  of  varying  length  but  non-continuous  across  the 
s<*«*tion,  separated  by  generally  thicker  bands  of  a  mixture  of  felspar 
plates,  muscovite  scales,  grains  and  lenticular  granular  aggregates  of 
epidote  and  zoisite,  and  scales  and  loose  scaly  aggregates  of  brown 
[ilecH-hroic  chloritic  biotite.  The  scaly  constituents  are  all  elongated 
in  the  same  direction,  they  are  generally  in  wavy  or  curved  lines,  and 
the  epidotic  grains  also  have  their  long  axes  parallel  to  the  prevailing 
'iirection. 

The  latter,  too,  are  frequently  more  or  less  completely  surrounded 
by  the  brown  scales.  Green  scales  of  chlorite  are  not  common,  and  in 
liates  they  are  jartially  transfonred  to  brown  biotitic  chlorite.  In 
these  micaceous  bands,  noteworthy  are  occasional  crystals  of  fclsjar, 
both  twinned  and  untwinned,  sometimes  kaolinised,  sometimes  micacised 
anii  Inng  at  varying  angles  to  the  general  direction  of  elongation.  In 
places  they  present  distinctly  the  appearance  of  augite,  micaceous 
^'a\e9  sweeping  round  them  in  curves,  and  there  is  a  slight  granu- 
lation of  their  margins,  as  well  as  in  places  an  incipient  granula- 
tion of  the  whole  crystal.  In  some  cases,  moreover,  the  crystals  are 
'iiatinetly  eye-shaped,  and  with  granulation  at  the  corner  of  the  eyes. 

The  species  of  felspar  present  are  diflRcult-to  make  out  owing  to 
the  alteration  and  deformation,  but  some  plates  appear  to  be  orthoclase, 
'•ihers,  with  small  extinction  angles  on  symmetrical  lamellae,  are  either 
albite  or  oligodase.  Irregular  extinctions,  and  irregularities  (bending 
and  fracturing)  in  the  lamellation  are  noticeable  in  places.  At  times, 
fpidote  grains  and  caleite  grains  appear  in  the  crystals. 

The  quartz  is  usually  present  in  elongated  lenticles  or  bands  of 
C'oarse  mosaic,  but  the  constituent  crystals  of  the  bands  are  occasion- 
ally long  rectangular,  the  long  axis  parallel  to  the  general  direction 
of  elongation. 

The  micaceous  bands  have  doubtless  been  produced  from  the  decom- 
position of  original  felspar  (some  portions  being  a  minutely  scaly  mass 
of  fine  muscovite  scales). 

it  will  be  obvious  from  the  foregoing  that  there  has  been  dynamic 
deformation  of  the  rock  resulting  in  the  production  of  *'augen,"  of 
bends  and  cracks  of  the  felspar  lamellae,  of  granulation  of  the  f(flaj)ar, 
and  probably  of  biotite  from  pre-existing  chlorite. 

The  iron  ores  are  pyrites  in  irregular  grains  and  small  strings, 
and  apparently  a  black  oxide  which  has  been  referred  to  ilmenite  owing 
to  the  production  by  alteration  of  a  grey-white  (by  incident  light)  dc- 
eomposition  product  referred  to  leucoxene.  These  ores  are  associated 
with  the  muscovite-biotite-epidote  bands. 
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The   elongated   rectangular   form   of   some   of   the   quartz    crystals 
in  bands  suggests  that  the  quartz  banding  is  a  primary  feature. 

I  The  rock  is  a  micaceous  epldotic  granitic  gneiss  with   incipient 

minute  foliation  in  quartz  and  altered  felspar  bands. 


I 


[315]-       Loe. :    Wallaby  Central,  Yarri. 

Is  the  same  rock  as  [3 J 4]  but  with  the  felspathic  bands  more 
distinct  and  less  altered,  the  felspar  being  generally  slightly  kaolin- 
ised,  though  in  parts  much  micucisod,  the  "augen"  structure  not 
marked,  and  with  much  less  granular  epidote  associated  with  the  fel- 
spar, though  calcite  grains  are  not  uncommon.  Granulated  antl  lar^o 
felspar  plates,  uneven  extinction  in  some  of  the  quartz  crystals,  and 
bending  of  lamellae  in  the  felspars  are  as  readily  recognisable   as   in 

■514]- 

La  16         Loe. :    Wallaby  (central,  Yarri. 

A  fine-grained  grey  rock  very  finely  foliated,  the  folia  consisting 
of  quartz  and  sericitic  mica,  with  fairly  numerous  grains  of  yellow 
pyrites  between  the  quartz  leaves. 

S.     Similar  to   (  gi^  |,  but  more  closely  resembling  [3}^]. 

The  rock  consists  of  elongated  lenticules  and  imperfect  bands  of 
coarse  quartz  mosaic,  separated  by  bands  of  a  dense  aggregate  of  colour- 
less muscovite  (sericite)  scales  amongst  which  crystals  of  altered  felspar, 
grains  of  zoisite,  and  colourless  epidote,  and  felspar  and  quartz  mosaic 
can  be  seen  at  times.  There  is  a  tendency  towards  the  '  *  augen ' '  structure 
in  the  relation  of  the  muscovite  scales  or  threads    to    the    occasional 
ungranulated   or   only   partially   granulated   felspar  plates.      The    latter 
are  the  same  as  in    f^l^fl  and  fai^l.     As  in  [jfT?]*  there  is  much  less 
epidote  or  zoisite  in  the  slide,  aiul  the  brown  biotitic  flakes  are  prat* 
tically  absent,  while  calcite  is  in  very  small  amount  and  in  very  small 
grains.     Pyrites  in  small  grains  is  not  uncommon. 

The  rock  is  a  finely  foliated  muscovite  gneiss,  made  up  of  bands  of 
quartz  mosaic  and  a  mixture  of  felspar  plates  more  or  less  micaceous, 
kaolinised  and  granulitised,  generally  rendered  all  obscure  by  dense 
wavy  aggregates  of  muscovite  (sericite)  scales  in  parallel  alignment. 
Grains  of  zoisite  are  not  uncommon  in  the  micaceous  aggregates. 
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_^LD FIELD,    AS   REPORTED    TO   THE   MiNES    DEPARTMENT. 


Total  Production. 


Iluvial. 
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Specimens. 
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Pb 


Fine  ozs. 
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(2.2401b8.). 
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PREFATORY   NOTE. 


This  voliirae  makes  the  fifth  addition  to  the  series  of  Miscel- 
laneous Reports  which  deal  chiefly  with  the  aj^plied  side  of  geology. 
Tlie  articles  are,  as  usual,  issued  without  being  grouped,  either  ac- 
cording to  localities  or  subjects. 

The  last  collection  of  miscellaneous  reports  was  contained  in 
Bulletin   G4. 


^l^-^^^^f&'-^x— 


Government  Geologist. 
Geological  Survey  Office, 
Perth,  28th  March,  1917. 
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INTRODUCTORY. 

Phosphatic  deposits  occur  in  four  fonns  in  Western  Australia, 
viz.,  guatio,  both  live  and  dead,  upon  the  coastal  hills  and  fringing 
iiilands;  ferruginous  phosphatised  wood  and  coprolite  beds  of  the 
Dandarragan  district;  amblygonite  near  Coolgardie;  and  cave 
?uano  deposits  elsewhere. 

Up  to  the  present  time  the  only  deposits  worked  upon  a  com- 
mercial scale  are  the  Island  and  Coastal  Guanos,  but  of  these  all 
the  material  of  sufficiently  high  grade  for  the  manufacture  of  super- 
phosphate has,  as  far  as  our  present  knowledge  extends,  been 
Worked  out;  therefore  the  rock  employed  in  the  manufacture  of 
this  fertiliser  at  our  local  works  has  to  be  imported. 

T'p  to  the  end  of  1904  (after  which  year  the  export  of  guano 
was  ])rohibi(ed)  118,530  tons  were  raised,  of  which  105,754  tons,  by 
ship's  register  (40  cubic  feet),  were  shipped,  the  value  placed  upon 
it  was  £338,732,  of  which  amount  the  Government  received  in  the 
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way  of  royalty,  special  license  fees  and  rent,  £53,658.  These 
figures  clearly  only  represent  a  portion  of  the  total  quantity 
raised,  since  in  the  first  place  large  quantities  would  appear  to 
luive  been  removed  without. the  knowledge  of  the  Government,  and 
in  the  second,  as  guano  raised  for  local  consumption  paid  no  royalty, 
a  record  was  not  always  kept  of  this;  while  further,  it  will  be  noticed 
that  in  the  returns  supplied  by  the  Customs  the  quantity  exported 
is  18,268  tons  less  than  that  recorded  by  the  Lands  Department, 
which  was  responsible  for  issuing  licenses  and  collecting  the  roj^alty. 

What  led  up  to  the  discovery  of  these  deposits  is  not  definitely 
known,  but  it  was  in  all  i)robability  due  to  the  American  Avhalers 
who  fished  the  Western  Australian  coast  some  60  and  70  years  ago: 
the  reason  for  this  surmise  being  that  the  earliest  shipment  on 
record  went  to  the  United  States,  while  prior  to  these  it  was  dis- 
covered that  a  very  considerable  quantity  had  been  shipped  to  the 
same  destination  without  the  cognisance  of  the  Government.  In 
more  recent  vears  the  bulk  of  the  trade  was  with  German v  and 
Belgium,  and  to  a  more  limited  extent  with  New  Zealand,  Victoria, 
Tasmania,  and  Mauritius. 

The  earliest  official  record  extant  of  a  shipment  of  guano  i!< 
three  tons  in  1847,  follow^ ed  by  further  small  parcels  in  1855,  1865, 
and  1872;  but  no  record  exists  of  the  locality  from  which  these  were 
obtained,  while  the  labour  involved  in  tracing  the  destination  of 
these  shipments  would  not  be  repaid  by  the  information  disclosed. 

From  the  year  1876  onwards  a  pretty  regular  export  trade  ap- 
jjears  to  have  been  carried  on,  but  although  this  guano  was  ob- 
tained from  all  the  islands  between  the  Ashmore  Shoals  and  the 
iVbroholos  Islands,  records  are  far  from  perfect.  Fronoi  the 
Ashmore  Shoals,  Browse  Island,  Jones  Island  (the  latter  being 
near  Admiralty  Gulf),  and  numerous  other  islands  upon 
the  north  coast,  much  larger  quantities  of  guano  were  probably 
raised  than  ever  paid  royalty,  since  as  recently  as  1885  it  w^as  re- 
ported to  the  Government  that  two  ships  and  eight  barques  were 
seen  loading  at  Browse  Island,  on  w*hich  no  return  was  furnished. 

Large  quantiti^es  of  high-class  guano  must  have  been  exported 
from  Browse  Island,  as  is  evidenced  by  the  fact  that  it  is  the  only 
locality  credited  with  deposits  of  this  description  in  Western  Aus- 
tralia in  either  British,  American,  German,  or  Colonial  publications. 

Messrs.  J.  and  W.  Bateman  would  appear  to  have  chartered 
vessels  which  removed  guano  from  the  Lacepedes,  Montebello, 
Barrow  Island,  etc.,  for  a  number  of  years  prior  to  1890,  for  they 
stated  this  fact  in  a  letter  addressed  to  the  Government  in  support 
of  their  ap})lication  to  he  granted  the  exclusive  rights  to  work  cer- 
tain islands.  No  record  of  these,  however,  exists,  and  the  present 
firm  is  now  unable  to  furnish  any  particulars. 

It  would  appear  that  Mr.  F.  L.  von  Bibra  obtained  the  sole 
right  to  remove  live  guano  from  Shark's  Bay,  where  he  carried  on  a 
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quantity  of  lower  grade  material  which,  if  ground,  would  be  ad- 
mirably suitable  for  application  to  the  farming  lands  situated  in 
the  wetter  portion  of  this  State. 

This  material,  in  addition  to  the  phosphoric  oxide,  contains  a 
small  proportion  of  nitrogen,  which  adds  to  its  value,  while  the 
main  impurity  is  carbonate  of  lime,  which  substance  is  also  badly 
needed  in  the  majority  of  our  soils. 


.) 
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INDIVIDUAL    DEPOSITS. 

Jones,  Lesueur,  and  Stewart  Islands,  and  Black  Hawk  Reef. 

These  islands,  which  lie  between  Lat.  13deg.  42min.  and  13deg. 
45min.  and  Long.  125deg.  59min.  and  127deg.  42min.  are  situated 
on  the  extreme  north  coast,  appear  to  have  been  worked  in  the  early 
days  of  the  Colony,  but  no  record  exists  until  the  year  1884,  when 
the  Government  estimated  the  deposits  to  consist  of  50,000  tons  of 
guano  containing  80  per  cent,  of  tri-calcic  phosphate,  which,  at 
Is :  9d.  per  unit,  was  worth  £7  per  ton.  Upon  the  strength  of  this  an 
exclusive  license  was  issued  to  Messrs.  Beaver  &  Co.,  of  Melbourne, 
to  remove  guano  for  a  period  of  five  years  on  a  basis  of  13s.  per 
ton  royalty.  This  firm  removed  2,577  tons  and  paid  £1,675  Is. 
royalty  and  then  abandoned  their  concession,  stating  that  since  the 
balance  contained  35  per  cent,  of  carbonate  of  lime  it  was  valueless 
for  their  purpose. 

Browse   Island   Deposit. 

This  island,  which  is  situated  about  100  miles  off  the  north  coast 
on  Lat.  14deg.  and  Long.  123deg.  40min.,  has  received  the  credit  all 
over  the  world  of  being  a  great  producer  of  rock  phosphate,  con- 
sequently it  is  highly  probable  that  considerable  quantities  were 
removed  before  the  Colonial  Government  became  cognisant  of  the 
fact,  for  it  was  not  until  the  year  1873  that  any  mention  of  it  ex- 
ists in  the  official  records.  In  this  year  negotiations  were  opened 
by  an  Adelaide  svndicate  known  later  as  the  Browse  Island 
Guano  Co.,  to  work  this  deposit,  but  no  finality  was  arrived  at  until 
1S7C),  when  an  agreement  was  entered  into  for  a  period  of  10  years 
by  which  the  Company  should  pay  a  yearly  rent  of  £50  with  a  2s.  6d. 
per  ton  royalty  on  all  guano  removed  above  400  tons. 

The  Government  appear  to  have  had  very  great  trouble  in  ob- 
taining statements  from  the  Company,  as  no  direct  supervision  wa«^ 
exercised;  they  were  therefore  entirely  dependent  upon  the  honour 
of  the  Company,  about  which  apparently  there  were  some  doubts, 
since  no  returns  were  furnished  for  the  years  1880,  1881,  1883,  and 
1885,  wliile  during  the  last-mentioned  year  the  master  of  a  passing 
schooner  reported  that  he  had  seen  two  ships  and  eight  barques 
busily  engaged  loading;  the  return,  therefore,  of  23,177  tons,  upon 
which  a  royalty  of  £3,15S  was  paid,  is  probably  far  below  the  actual 
amount  removed. 
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Lacepedes    Guano    Deposits. 
The  Lacepedes  is  a  small  group  of  islands  situated  upon  the 
N^ortli-West  Coast  about  30  miles  to  tlie  westward  of  Beagle  Bay, 
Long.  122deg.  E.  and  Lat.  17deg.  S. 

It  is  not  known  what  led  to  the  discovery  of  these  guano  deposits, 
but  it  is  probably  due  to  the  whalers  who  at  one  time  frequented 
this  coast.  These  would  probably  visit  the  islands  in  order  to  boil 
blubber  and  obtain  water  and  fuel  supplies,  so  as  not  to  be  troubled 
with  the  natives  on  the  mainland;  and  it  is  possible  in  the  event 
ol"  an  unsuccessful  fishing  season  that  tliey  would  load  up  a  cargo 
of  guano. 

Somewhere  about  the  beginning  of  1876  the  Government  be- 
came aware  that  a  regular  export  trade  of  considerable  dimensions 
was  being  carried  on;  they  therefore  despatched  Messrs.  Geddes  and 
Roberts  to  the  scene  of  action  with  authority  to  seize  any  ships 
removing  guano  without  license. 

At  the  time  of  their  arrival  the  "Forcade  la  Roquette"  happened 
to  be  taking  in  a  cargo  upon  behalf  of  a  Mr.  Lord,  an  American 
citizen,  residing  in  Melbourne;  they  therefore  seized  the  vessel  and 
conveyed  it  to  Fremantle.  Mr.  Lord  then  placed  the  matter  in  the 
hands  of  the  American  Consul,  who  made  a  claim  for  compensation 
from  the  Government  on  the  grounds  that  the  Governor  had  no 
jurisdiction  over  the  Lacepede  Islands,  as  they  were  not  included  in 
bis  commission.  However,  after  certified  copies  of  the  map  attached 
to  the  Commission  were  forwarded  to  the  Consul  no  further  action 
was  taken.*  As  the  result  of  this  experience  the  Government  de- 
cided to  appoint  a  resident  Commissioner,  in  which  capacity  Mr. 
Richard  Wynne  was  despatched.  Upon  his  arrival  his  first  duty  was 
to  make  a  detailed  survey  of  the  islands  and  to  estimate  the  extent 
of  the  remaining  deposits,  which  he  put  down  as  60,000  tons  dis- 
tributed as  follows: — 5,000  tons  on  the  easternmost  island,  40,000 
tons  on  the  main  island,  and  15,000  on  the  westernmost  island. 
I'pon  receipt  of  this  report  the  Government  decided  to  make  a 
cliarge  of  a  royalty  of  10s.  per  ton  on  ship's  register,  calculated 
"pon  a  basis  of  40  cubic  feet;  this  it  was  estimated  would  really 
only  equal  Ts.  6d.  per  ton. 

The  royalty  on  this  basis  during  the  first  year  of  super- 
vision yielded  a  revenue  amounting  to  £1,242.  In  the  follow- 
ing: year  this  increased  to  £6,898,  and  would  have  considerably 
exceeded  this  amount  had  not  an  unforeseen  disaster  occurred 
through  the  visitation  of  a  "Willy  Willy"  (cydonic  storm),  which 
^recked  six  vessels  while  engaged  in  loading,  and  caused  the  loss 
of  six  lives,  while  in  the  following  year  £9,721  was  paid. 

In  1878  the  Government  decided  that  it  would  be  far  more 
satisfactory  and  economical  to  grant  a  lease  of  the  sole  rights  to 
remove  the  guano  to  one  firm,  who  w^ould  then  be  able  to  build  a 
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jetty  and  lay  down  a  tram  line,  which  would  greatly  facililate  the 
process  of  loading,  which  had  up  to  this  time  been  carried  on  by 
means  oi'  boats. 

With  this  object  tenders  for  the  removal  of  40,000  tons  were 
called  for  on  a  royalty  basis  of  not  less  than  10s.  per  ton  on  ship's 
register,  while  a  deposit  of  £2,000  was  to  be  lodged  with  the  Gov- 
ernment until  the  completion  of  the  contract.' 

Tlie  successful  tenderers  w^ere  Messrs.  Mockford,  McDonald  & 
Co.,  who  despatched  vessels  from  Melbourne  laden  with  the  requisite 
|)Iant  and  material  to  commence  operations,  but  after  these  were 
landed  and  erected  the  discovery  w^as  made  that  the  deposit  ha<i 
been  completely  worked  out;  therefore  nothing  remained  but  to  dis- 
mantle their  plant  and  re-embark. 

Messrs.  Mockford,  McDonald  &  Co.  then  instituted  proceedinirs 
against  the  Government,  the  claim  assuming  the  character  of  a  Pe- 
tition of  Right,  and  was  for  about  £40,000.  The  matter,  after  hang- 
ing on  for  a  number  of  years  (1882  to  1888),  was  eventually  brought 
on  for  trial  before  a  special  jury  on  the  3rd  August,  1888.  As  the 
jury's  verdict  was  considered  inadequate  by  the  applicants,  a  Kule 
Nisi  was  obtained  to  sliow  cause  why  the  verdict  should  not  be  set 
aside  and  for  a  new  trial  on  the  grounds  of  the  inadequacy  of  the 
damages  and  the  per\'ersity  of  the  Judge's  directions;  but  the  ap- 
plication to  make  the  rule  was  allowed  to  lapse.  On  31st  July. 
1888,  the  sum  of  £9,783  6s.  lid.  was  paid  over  by  the  Government 
in  full  settlement  of  all  claims  for  damages  and  costs. 

it  seems  incomprehensible  how  it  came  about  that  tenders  were 
invited  for  the  removal  of  40,000  tons  when  the  deposit  was  practi- 
cally worked  out ;  but  looking  carefully  into  the  matter  one  can  only 
come  to  tlie  conclusion  that  the  original  estimate  was  formed  on  a 
faulty  basis,  while  allowance  was  not  subsequently  made  for  tlie 
fact  that  the  37,226  tons  removed  were  calculated  upon  a  40  cubic 
feet  to  tlie  ton  basis,  wliich  in  reality  represented  49,634  tons,  thus 
only  leaving  7,000  tons  upon  a  40  cubic  feet  basis,  presuming  that 
Mr.  Wynne's  original  estimate  of  60,000  tons  was  a  correct  one.  It  is 
also  difficult  to  understand  how  it  was  that  Mr.  Wynne,  who  resided 
on  the  islands,  did  not  point  out  to  the  Government  that  the  deposits 
were  practically  exhausted  before  allowing  them  to  arrange  this 
contract. 

The  Government  record  a  total  of  £18,611  in  royalties  from  the 
working  of  this  deposit,  but  since  they  had  to  pay  Mockford,  Mc- 
Donald &  Co.  £9,783  besides  their  own  costs  and  general  expenses 
with  regard  to  the  management  of  the  islands,  it  will  be  seen  tliat 
the  revenue  was  not  seriously  benefited  from  this  source. 

There  is  absolutely  no  record  of  the  grade  of  this  material,  but 
since  the  average  value  placed  upon  that  exported  was  £4  14s.  6(1., 
it  must  have  been  of  very  good  quality. 


1  Parliamentary  Paper,  No.  14,  1878. 
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In  1890  three  applications  were  lodged  with  the  Government 
for  a  lease  of  the  Lacepede  Islands  covering  the  sole  right  to  re- 
move guano  for  a  period  of  five  years,  the  lessee  to  pay  a  royalty 
of  10s.  per  ton  on  ship's  register  and  to  ship  not  less  than  1,000 
tons  per  annum.  The  applicants  were  Messrs.  Beaver  &  Co.,  of 
Melbourne,  who  had  been  carrying  on  a  trade  in  guano  from  this 
coast  for  several  j^ears;  Messrs.  J.  &  W.  Bateman,  of  Fremantfle, 
who  had  been  working  deposits  upon  Barrow  and  other  islands; 
and  Messrs.  Broadhurst  &  McNeil,  of  Gerald  ton  and  London,  who 
had  been  leasing  the  Abrolhos  Islands  for  a  number  of  years. 

This  latter  firm  secured  the  lease  and  deposited  £250  with  tlie 
Government,  but  owing  to  the  unfortunate  loss  of  the  "Electra"  at 
Dongara  they  w^ere  unable  to  ship  the  quantity  agreed  during  the 
year.  Early  in  1(S91  Mr.  F.  C.  Broadhurst  visited  these  islands  and 
reported  as  follows: — 


(( 


We  regret  to  say  that  after  a  prolonged  examination  we  find  them 
(guano  deposits  on  the  islands)  all  but  worthless.  On  the  portion  marked 
green  on  your  plan  of  Middle  Island,  there  are  some  small  quantities  of  high- 
class  phosphate,  but  the  total  of  this  could  not  exceed  some  few  score  tons. 
The  whole  of  the  parts  coloured  yellow  on  Middle  Island  are  either  plain  sea 
eand  or  else  guano  so  much  interspersed  \vith  shelly  sand  as  to  render  it  value- 
less, or  very  nearly  so.  Of  this  yellow  portion  we  took  22  fair  samples  repre- 
sentative of  its  whole  area,  the  highest  analysis  of  which  but  reacned  43*66 
per  cent,  of  phosphate  of  lime,  and  the  carbonate  of  lime  is  excessive  (a  fatal 
objection).  As  regards  West  Island,  there  are  a  few  hundred  of  tons  on  this, 
bat  thickly  mixed  Tiith  small  coral,  which  renders  it  of  no  commercial  value 
also.  We  also  examined  the  two  smaller  islands  of  the  group,  and  they  are 
%a  sand.    We  must  therefore  abandon  the  Island." 

The  deposit  of  £250  was  therefore  forfeited. 

It  seems  strange  that  people,  on  both  this  and  the  previous 
occasion,  should  have  been  anxious  to  obtain  a  lease  of  these  islands 
and  to  lodge  a  deposit  before  making  an  inspection. 


Phosphatic  Deposits  op  the  Houtaiax's  Abrolhos. 

This  group  of  islands  lies  off  the  west  coast,  about  50  miles 
from  Geraldton,  between  Ix)ng.  113deg.  and  114deg.  E.,  and  T^at. 
2Sdeg.  and  29deg.  S.  They  are  disposed  in  four  groups,  which 
^aken  in  order  from  north  to  south  are  named  the  North,  Wallabi, 
Kastem,  and  Pelsart  Groups. 

Thev  were  discovered  bv  the  Dutch  East  Indiamen,  who,  when 
sailing  from  the  Cape  of  Good  Hope  to  Java  upon  tiie  Great  Circle 
system  of  navigation,  picked  up  the  coast  somewhere  about  this 
latitude;  consequently  this  group  of  low-lying  islands,  many  being 
little  more  than  reefs,  were  a  constant  source  of  danger  if  en- 
I'ouhtered  after  dark  or  in  hazy  weather. 

As  in  the  case  of  the  other  islands  there  is  no  record  relative 
to  the  discovery  of  these  guano  deposits,  but  since  they  do  not  ap- 
pear to  have  been  worked  until  those  on  the  other  islands  farther 
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up   the  coast  were  exhausted,  the   natural   inference  is  that  they 
were  not  of  such  a  high  value. 

The  first  shipment  of  which  there  is  any  record  was  of  64  tons, 
in  1878;  but  the  deposits  do  not  appear  to  have  been  regalarly  and 
sj^stematically  worked  until  Messrs.  Broadhurst  and  McNeil  ob- 
tained a  lease  of  these  islands  in  1885. 

Through  lack  of  experience  they  shipped  several  cargoes,  which 
only  yielded  from  30  to  40  per  cent,  tri-calcic  phosphate;  conse- 
quently becoming  financially  involved,  their  business  was  taken  over 
by  Messrs.  J.  &  W.  Bateman  for  a  period  of  three  years,  ISSG  to 
1888,  during  which  time  5,900  tons  (40  cubic  feet),  valued  at  £4  10s. 
a  ton,  v/ere  shipped  to  Europe,  most  going  to  Hamburg,  but  a  por- 
tion to  Antwerp.  The  conditions  were  at  first  that  the  cargoes 
should  not  contain  less  than  70  per  cent,  of  tri-calcic  phosphate, 
but  this  was  subsequently  reduced  to  68  per  cent.  It  is  supposed 
that  this  was  used  in  the  manufacture  of  superphosphate,  since  it 
was  stipulated  that  the  material  should  not  contain  more  than  2  per 
cent,  of  iron;  a  reduction  in  price  was  also  made  if  much  limestone 
w^as  present,  while  no  increased  value  was  allowed  for  water  or  citric 
soluble  phosphates.  The  price  was  Is.  3d.  per  unit  of  CajPjO,, 
determined  after  boiling  in  concentrated  nitric  acid  for  15  minutes. 

Shortly  after  this  date  the  lease  of  these  islands  was  taken 
over  by  Mr.  F.  C.  Broadhurst,  who  worked  them  continuously  until 
1904,  from  which  date  the  export  of  phosphates  was  prohibited. 

In  the  year  1897  Mr.  W.  Saville  Kent,  who  had  been  engaged 
in  this  State  reporting  upon  the  fisheries,  in  a  book  called  **Tlie 
Naturalist  in  Australia,"  gave  the  following  description  of  these 
islands : — 

"  With  the  exception  of  the  Wallaby  Group,  which  contains  plutonic 
rocks  ^  corresponding  in  character  with  those  of  the  mainland,  and  having  an 
elevation  of  some  thirty  or  forty  feet,  the  largest  residue  ia  entirely  of  coral 
formation,  while  reefs  of  considerable  extent  also  encircle  the  Wallaby  scries. 
Their  composition,  as  manifested,  more  particularly  in  the  islands  of  the  Eastern 
and  Pelsart  Groups,  consist  of  hard  coral  limestone  conglomerate,  undermined 
and  weathered  on  its  exposed  aspects  into  low  ovei^hangin^  cliffs  and  promon- 
tories, often  of  the  most  fantastic  shape,  which  frequency  show  embedded 
in  their  eroded  surfaces  but  slightly  altered  corolla  of  the  Madreporids,  of 

which  they  are  principally  composed From  time  immemorial, 

as  testified  to  by  deep  guano  deposits,  Houtman's  Abrolhos  has  been  the  home 
or  breeding  centre  of  countless  hosts  of  sea  birds,  which  still  resort  thither  in 

enormous  quantities  in  the  breeding  season On  account  of 

the  vast  accumulation  of  guano  resulting  from  the  sea  birds  having  so  long 
made  the  Abrolhos  their  head-quarters,  this  island  group  possesses  a  consider- 
able commercial  value." 


I. 


1  This  8tAtcmcnt  was  apparcntiv  mado  upon  h«ir-flay  evidence,  since  it  does  not  app^f 
from  the'  ull  text  of  hla  work  that  Mr.  Kent  viRited  this  sroup.  This  pohit  was  referred  to 
Prof.  W.  J.  Daklii;  D.Sc.,  etc-.  Director  of  the  Percy  Sladen  Expedition  to  the  AbroIho«  U\»r\dfi 
wlio  makes  tJie  following  statement :— "  It  Is  difflcnlt  to  understand  what  particular  rocks 
Kent  refers  to,  bnt  in  any  case  his  statement  appears  to  be  Incorrect.  We  saw  no  trscc  of 
such  rocks  on  the  Wallaby  Islands,  and  it  seems  unlikely  that  in  the  numerous  trsverses  mhAc 
across  them  such  rocks  could  have  escaped  our  notice." 
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In  August,  1897,  Mr.  Sun^eyor  Wells  was  despatched  from 
Geraldton  to  the  Abrollios  Islands  for  the  purpose  of  officially  esti- 
mating the  quantity  of  guano  still  available  on  the  ground.*  This 
officer  visited  ten  islands  of  the  Eastern  group  and  on  four  of  them, 
viz..  Rat,  Third,  Beacon,  and  Wooded  Islands,  found  guano,  varying 
from  four  inches  to  27  inches  in  thickness,  extending  over  an  area 
of  11.72  acres;  this  he  estimated  at  13,944  tons,  samples  of  which 
averaged  57.43  per  cent,  of  tri-calcic  phosphate.  Of  the  fourteen 
islands  of  the  Pelsart  Group,  nine  were  found  to  contain  guano, 
viz.  Pelsart,  Gun,  and  seven  small  islands  adjacent.  The  deposit 
varied  from  7  to  13  inches  in  thickness  over  an  area  of  59.37  acres, 
and  was  estimated  at  48,468  tons,  and  averaged  63.47  per  cent,  of 
tri-calcic  phosphate. 

Of  the  Wallaby  Group,  18  islands  were  examined,  but  only  four, 
namely  West  Wallaby,  Pelican,  North  and  South  Pigeon  Islands, 
contained  guano,  from  about  4  to  17  inches  in  thickness,  over  an 
area  of  34.75  acres,  estimated  at  38,088  tons,  averaging  57.42  per 
cent,  of  tri-calcic  phosphate.  Many  of  the  smaller  islands  also 
I'ontained  a  limited  amount,  but  not  in  sufficient  quantity  to  be 
worth  surveying. 

While  engaged  upon  this  work  he  took  23  samples.  One-half 
of  each  was  sent  to  Mr.  John  Hughes,  of  London,  and  the  other  half 
to  Mr.  S.  S.  Dougall,  the  Chemist  to  the  Agricultural  Department. 
These  samples,  Mr.  Wells  states,  were  taken  in  accordance  with  the 
Chemist's  instructions,  but  judging  from  the  results  it  does  not 
seem  possible  that  the  division  of  the  samples  could  have  been  pro- 
perly made,  otherwise  there  would  not  have  been  such  a  consider- 
able discrepancy  in  the  phosphate  of  lime. 

The  average  of  the  23  samples  is  as  follows: — 

Phosphate 
Sand.  Moisture.        of  Lime. 

Hughes  ..     2.43  7.62  56.20 

Dougall  ..     2.82  6.16  62.65 

Later  on  17  samples  were  analysed  by  the  Government  Analyst, 
as  follows: — 

Sand.  Moisture.  Phosphate  of  Lime. 

2.59  ..  5.85  ..  61.34 

Mr.  Hughes  reports  as  follows: — 

"  Yon  will  obfierve  there  is  a  considerable  variation  in  the  composition, 
the  percental  of  phosphate  of  lime  varying  from  46*28  in  No.  19  to  72-14 
per  cent,  in  No.  11,  while  the  carbonate  of  lime  varies  from  2*04  in  No.  20  to 
10-  79  in  No.  16." 

The  agricultural  value  of  Abrolhos  guano  is  now  well  recognised,  and  de- 
pends upon  its  richness  in  phosphate  of  lime,  which,  though  not  soluble  in  water, 
is,  I  find,  gradually  dissolved  by  vegetable  acids,  such  as  citric  acid ;  conse- 
sequently  on  rich  vegetable  or  peaty  soils  this  guano  can  bo  used  as  it  is  with 
advantage  as  manure  for  root  crops,  also  upon  grass  land  deficient  in  lime, 
and  where  the  quality  of  the  herbage  is  coarse  and  rank,  and  therefore  not  at 
present  of  much  use  either,  for  cattle. 

1  ParUamentary  Paper,  A.7,  1807. 
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The  effect  of  this  guano  on  such  grass  land  wU  be  found  very  benefcial, 
as  it  ^ill  improve  and  increase  the  growth  of  the  fine  grasses. 

As  regards  the  white  sample,  marked  gypsum.  No.  18,  I  am  of  opinion 
that  this  is  a  specially  valuable  deposit,  containing  nearly  a  quarter  of  the 
total  phosphate  of  lime  in  a  form  readily  soluble  in  water,  and  I  have  there- 
fore, speciaUy  indicated  this  fact  in  the  analysis,  as  follows  : — 

Water  (lost  at  212°F)  1603 

Organic  Matter  and  Combined  Water       ..         ..       17-30 

Phosphoric  Acid,  Water  Soluble 5-20 

Phosphoric  Acid,  insoluble  in  water  . .         . .       20*  75 

Lime 29-98 

Sulphuric  Acid  6-22 

Alkalies,  Magnesia  ..  ..  ..  ..         4-37 

Sand      . .         . .         . .         . .         . .         . ,         . .  '16 


100- 00 


Kqual  to  soluble  Phosphate  11-35  and  insoluble  Phosphate  45-30.'' 
In  1903  an  agreement  was    entered    into    between    Mr.  F.  C. 
iiroadhurst  and  the  Government,  whereby  ihe  former  was  to  supply 
the  latter  with  2,000  to  3,500  tons  of  guano  per  annum  for  a  period 
of  l^ve  years,  the  standard  of  which  was  to  be  not  inferior  to  the 
Following  analysis : — 

Water  (lost  at  2r2deg.  F.)  ..         ..         9.60 

Organic  matter  and  combined  water     . .       18.80 
Phosphoric  Oxide  . .  . .         . .       26.65 

Lime  . .  . .  . .  . .  . .       34.66 

Carbonic   Oxide        .  .  . .  .  .  . .         1.10 

Oxide  of   Iron,    Alumina,    Alkaline    Mag- 

nesia        ..  ••  ..  ..  «.  i./o 

Sand  . .         . .         . .         . .         . .        1.46 


100.00 


Ecjiial  to  Phosphate  of  Lime  58.17  per  cent.,  and  not  to  exceed 
Carbonate  of  Lime  2.50  per  cent. 

This  agreement  was  never  carried  out,  as  Mr.  Broadhurst,  upon 
going  more  closely  into  the  mattter,  found  that  he  could  not  supply 
this  (juantity  of  a  higher  standard  than  50  per  cent,  of  phosphate 
of  lime. 

After  1904  the  export  of  phosphates  was  prohibited,  when,  after 
many  attempts  to  get  it  revoked,  Mr.  Broadhurst  forfeited  his  lease 
to  tlie  islands,  which  was  then  taken  on  by  Messrs.  Fallowfield  &  Co., 
of  Oeraldton,  upon  a  royalty  basis  of  10s.  per  ton  on  ship's  register 
for  each  40  cubic  feet  raised. 

An  analysis  published  in  the  Journal  of  Agriculture  (Western 
Australia)   in  March,  1907,  gives  the  following: — 


Nitrogen 

P.O.   Citrate  soluble 

1\0'   Acid  soluble 

1!      r> 


Per  cent. 

1.06 

4.57 

22.38 


p](|ual  to  58.8  per  cent,  phosphate  of  lime. 
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III  1916,  however,  this  puano  was  sold  with  a  jruarantee  of— 

Per  cent. 
Nitroj»:en  . .  .  .  . .  .  .  . .       0.75 

PA  <'itrate  soluble  5.00 

P]0,  Acid  soluble  14.00 

Or  equal  to  41.5  per  cent,  phosphate  of  lime. 

Phosphatic  Deposits  of  the  Rechfirciie  Archipelago. 

This  archipelago  consists  of  a  scattered  belt  of  islands  which 
fringe  the  south  coast  between  Fanny's  Cove  and  Israelite  Bay,  or 
more  precisely  between  Pildeg.  30rain.  and  124deg:.  lOmin.  E.  Long. 
It  is  unknown  at  what  date  the  first  discovery  of  these  phos- 
phatic deposits  was  made,  but  the  attention  of  the  Government  ap- 
pears to  have  been  directed  to  them  by  Captain  James  Sale  in  1904, 
when  he  forwarded  four  samples  for  analysis.  This  work  was 
carried  out  in  the  Survey  Laboratory  and  showed  a  result  of 
80.80,  68.86,  78.78,  and  85.40  i)er  cent,  of  tri-calclc  phosphate,  and 
with  only  about  .25  per  cent,  of  sand.  Seven  samples  sent  in  at  a 
later  date  assayed  only  17  per  cent,  of  tri-calcic  phosphate  and 
9.5  i)er  cent,  of  sand;  while  the  two  highest  samples  collected  by  the 
present  writer,  out  of  a  large  number  only  yielded  59.37,  and  73.50 
per  cent,  of  tricalcic  phosphate,  and  23.50  pe:  cent,  of  insohible 
matter.  It  is  therefore  very  apparent  that  the  lirst  four  samples 
did  not  come  from  these  islands,  being  most  probaijly  foreign  r.am- 
ples  used  for  comparison  and  forwarded  for  analysis  in  error. 

The  great  advancement  made  in  this  State  in  agriculture  dur- 
ing recent  years  created  so  large  a  demand  for  phosphatic  fertilisers 
Hiat  rock  phosphates  were  eagerly  sought  after,  which  fact,  couj)led 
with  the  discovery  of  a  fine  deposit  of  this  character  in  South  Aus- 
tralia, caused  Mr.  Chaplin,  who  was  Director  of  Agriculture  in  1907, 
to  form  a  syndicate,  who  obtained  the  exclusive  right  to  jirospeet  the 
islands  of  this  archipelago  for  a  certain  period,  at  the  expiration  of 
^hich  they  would  have  the  first  right  of  selection.  After  Mr.  Chap- 
lin severed  his  connection  with  the  Government  he  superintended 
this  work  in  person,  but  owing  to  the  loss  of  their  boat  and  })lant, 
due  to  a  severe  storm,  and  there  being  no  more  cai)ital  available, 
the  syndicate  applied  for  and  obtained  llnancial  assistance  from 
the  Government.  Mr.  Chaplin  then  abandoned  the  management,  but 
prospecting  was  continued  for  about  12  montlis  on  the  various 
islands,  and  when  a  final  selection  was  made  of  Christmas  Island, 
one  of  the  Eastern  Group,  situated  about  20  miles  off  the  coast 
near  Israelite  Bay,  in  the  early  part  of  1908  the  present  writer  was 
in.structed  by  the  Government  to  make  an  exhaustive  examination 
and  sur\'ey,  the  full  ref)ort  of  which  appeared  in  the  Annual  De- 
partmental Report  for  that  year. 

Christmas  Island  is  about  one  mile  in  length,  while  in  wudth 
it  varies  from  half  a  mile  at  the  ends  to  one  quarter  of  a  mile  in 
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the  centre.  The  fundamental  rock  is  granite,  two  bare  barren  boeses 
of  which  (one  at  either  end)  rise  to  an  elevation  of  500  feet,  while 
the  centre  portion,  which  is  about  100  feet  above  the  sea-level,  is 
covered  by  a  deposit  of  phosphate  of  lime  and  sand  varying  in 
thickness  from  a  levt  inches  to  15  feet,  the  average  thickness  being 
two  feet  of  sand  covering  two  feet  of  pliosplmte  rock. 

Thirty-eight  trial  holes  have  been  sunk  upon  this  area,  w^hich 
were  carefully  sampled  and  yielded  an  average  value  of  27  per  cent, 
of  tri-calcic  phosphate  and  proved  the  existence  of  102,400  cubic 
yards.  The  sampling  was  done  by  making  a  cut  down  each  of  the 
four  sides  of  these  pits,  the  broken-down  material  being  collected 
on  a  sampling  sheet.  This  was  then  roughly  sifted  to  exclude  that 
portion  of  the  sand  that  could  be  removed  by  screening,  after  which 
the  sample  was  broken  down,  mixed,  and  quartered  until  sufficiently 
reduced,  when  it  w^as  bagged  and  sealed. 

This  mode  of  sampling  was  adopted,  as  it  was  considered  that 
it  would  most  nearly  approach  that  of  the  actual  working  of  the 
deposit,  but  it  may  be  mentioned  that  had  it  been  so  desired,  sam- 
ples of  a  much  higher  grade  could  have  been  obtained  by  picking 
out  the  solid  stone  quite  free  from  sand;  two  samples  taken  in  this 
manner  yielded  59.37  and  73.50  per  cent,  of  tri-calcic  phosphate. 

A  number  of  the  other  islands  carry  similar  deposits,  but  they 
have  not  so  far  been  extensively  prospected. 

The  high-grade  portions  of  these  deposits  are  not  sufficiently 
extensive  to  be  remuneratively  worked  with  the  object  of  manu- 
facturing superphosphate,  since  higher  grade  rock  can  be  more 
cheaply  imported,  but  there  is  not  the  slightest  doubt  but  that  they 
will  eventually  be  utilised  for  apj)lication  as  raw  uround  phos- 
phates. 

Phosphate  Deposits  at  Danp.arragan. 

Dandarragan  is  situated  about  20  miles  to  the  westward  of 
Moora,  which  town  is  on  the  Midland  Railway  line  108  miles  north 
of  Perth. 

This  deposit  appears  to  have  first  attracted  notice  in  1906, 
when  the  greenish  appearance  of  the  ferruginous  rock  was  mistaken 
for  an  indication  of  copper,  but  which  upon  examination  proved  to 
be  due  to  the  presence  of  dufrenite,  an  iron  phosphate. 

Subsequent  investigation  by  Mr.  W.  D.  Campbell,  Assistant 
Geologist,  revealed  the  fact  that  the  phosphatising  of  the  sandstone 
was  due  to  the  presence  of  coprolite  beds,*  which  he  found  inter- 
bedded  with  ferruginous  sandstones  and  chalk  for  a  distance  of  22 
miles. 

The  weathered  surface  of  this  rock  upon  sampling  proved  to 
contain  from  0.54  to  2.10  per  cent,  of  phosphoric  oxide,  the  wood 
and  coprolite  beds  from  15.32  to  39.34  per  cent.,  and  the  ferruginous 

1  Except  for  a  single  shark's  tooth,  the  supposed  bones  of  these  beds  have  been 
proved  by  the  Mineralogrist  and  Chemist  ^o  be  fraffments  of  phosphatised 
wood.     Vide  Joum.  Nat.  Hist.  Soc.  W.A.  IV. 
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sandstones,  whieB  consisted  largely  of  dufrenite  and  vivianite,  7.25 
to  15.13  i)er  cent. 

The  coprolite  beds  average  something  like  three  feet  in  thick- 
ness, and  the  underlying  ferruginous  sandstone,  which  has  been  more 
i>r  less  phosphatised,  is  at  least  seven  feet  in  thickness. 

The  primary  forms  in  which  the  phosphorus  occurred  in  the 
beds  were  probably  the  calcium  phosphates  of  raw  or  digested 
bones.  These  have  to  some  extent  been  carried  in  solution  by  rain 
water  into  the  underlying  ferruginous  sandstones,  where  they  have 
interacted  with  the  iron  oxides  producing  the  more  stable  iron 
phosphate,  dufrenite. 

A  full  report  on  this  deposit,  with  a  map,  will  be  found  in 
Bulletin  No.  26  (q.v.). 

Mr.  H.  Rowley,  analytical  chemist,  of  Pertli,  who  has  been 
iflentilied  with  this  deposit  ever  since  its  discovery,  has  for  some 
time  f)ast  been  conducting  a  series  of  exi)evimcnts  with  the  object 
of  rendering  the  phosphate  of  iron  and  alumina  cheaply  water  or 
citric  soluble. 

CAVE  DEPOSITS. 
In  the  numerous  caves  which  occur  in  the  coastal  limestone  hills 
between  Perth  and  Geraldton  there  are  often  extensive?  deposits  of 
jriiano  resulting  from  the  excrement  of  birds,  bats,  and  beasts  which 
inhabit  them.  These  are  often  of  high  quality  since,  besides  phos- 
phate, they  often  contain  a  large  percentage  of  organic  nitrates 
which  are  readily  assimilated  by  plant  life.  This  material,  therefore, 
produces  the  most  surprising  results  upon  vegetation,  but  since  the 
'leposits  are  very  limited  in  extent  they  are  only  of  value  locally. 
In  many  caverns  in  other  portions  of  the  State,  limited  quanti- 
ties of  pliosj)hatic  material  are  met  with,  but  these  are  too  small 
and  too  far  from  the  market  to  be  of  any  commercial  value.  A 
t'lill  report  upon  some  of  these  caverns  will  be  seen  in  the  Annual 
Report  for  1007,  and  in  Bulletin  No.  48  {q.v,). 

MINERAL  PHOSPHATES. 
The  only  form  in  which  a  mineral  pliospliate  has  been  found 
in  any  quantity  in  this  State  is  as  Amblygonite,  which  occurs  near 
t'oolgardie,  but  so  far  this  mineral,  which  is  a  fluophosphate  of 
aluminium  and  lithium,  has  not  yet  been  found  in  sufficient  quan- 
tites  to  warrant  exploitation  on  a  commercial  scale.  A  full  report 
on  this  subject  will  be  found  in  the  Annual  Report  of  the  Depart- 
ment of  Mines  for  the  year  1011. 

GENERAL. 
From  the  above-mentioned  details,  it  will  be  gathered  that  the 
majority  of  the  Phosphate  Deposits  of  this   State  consist  of  the 
phosphatised  limestone,  due  to  the  excreta  of  sea-birds  upon  the 
rock  surfaces. 
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These,  particularly  upon  the  north-west  coastal  islands,  wen* 
of  considerable  extent  and  of  high  quality,  but  since  they  were  re- 
moved prior  to  their  value  beinsr  recou:nis?(l  by  the  local  farmer,  tbe 
bulk  of  that  which  now^  remains  is  too  low  in  phosphates  to  be  of 
use  for  the  manufacture  of  superphosphate.  Could  this,  however, 
be  supplied  to  the  farmer  for  use  upon  peaty  soils  in  the  wet  areas 
in  a  sufficiently  finely  divided  state  and  at  a  low  price,  it  would  1)0 
of  far  greater  permanent  value  than  the  continuous  application  of 
acid  phosphate,  which,  being  strongly  acid,  by  its  continuous  us(> 
causes  the  soil  to  deteriorate,  unless  an  abundance  of  carbonate  of 
lime  is  present  to  counteract  the  acidity  and  fix  the  phosphorus.  A 
great  loss  of  ])hosphoric  acid  is  also  experienced  after  the  aj) plica- 
tion of  "super'*  in  a  hiunid  climate  where  the  soil  is  deficient  in  car- 
bonate of  lime  either  by  the  leaching  of  the  water  soluble  phosphates, 
or  their  conversion  into  insoluble  phosphates  of  iron  and  alumina; 
while  the  excess  of  free  sulphuric  acid  present  in  this  class  of 
manure  acts  as  a  solvent  of  any  small  quantities  of  carbonate  of 
lime  and  magnesia,  or  phosphate  of  lime  that  may  be  present  in  the 
soil,  thus  allowing  the  latter  to  be  in  j^art  leached  or  be  transfornnMl 
into  insoluble  phosphates.  If,  therefore,  acid  ])hosphates  are  con- 
tinually applied  to  this  class  of  land,  the  whole  of  the  carbonate  of 
lime  present  in  the  soil  will  be  converted  into  sulphate  (g>'psum). 
thereby  destroying  the  only  substances  which  have  the  power  to 
retain  the  phosphorus  in  the  soil  in  a  form  in  which  it  is  available 
for  plant  food,  thus  in  time  rendering  it  more  acid  and  deficient  in 
phosphate  than  prior  to  the  application. 

Upon  the  other  liand,  if  phosphorus  in  the  tri-calcic  form  is 
applied,  this,  if  in  a  finely  divided  state,  is  slowly  liberated  by  the 
action  of  organic  acids  generated  in  the  soil,  but  the  quantity 
so  rendered  soluble  is  little  liable  to  be  leached,  since  it  is  only 
liberated  as  required  by  the  vegetation:  therefore,  if  added  in  thi*< 
form  in  larger  quantities  than  are  required  by  the  crop,  the  land 
will  gradually  be  enriched  in  this  element.  As  all  phosphate  rock 
contains  small  quantities  of  carbonate  of  lime,  applications  in  this 
form  also  act  as  a  neutraliser  of  soil  acid. 

The  objection  to  the  use  of  rock  phosphate  is,  of  course,  its 
much  slower  action,  it  taking  as  much  as  five  years  to  obtain  the 
maximum  result  unless  large  quantities  of  organic  matter  are  pre- 
sent; this,  of  course,  means  waiting,  whilst  the  money  exi>endcd  i^ 
not  yielding  its  full  return;  therefore  this  method  can  only  bo 
adopted  at  the  present  high  price  by  those  farmers  whose  means 
are  adequate.  If,  however,  it  is  desired  that  a  crop  shall  be  im- 
mediately taken  off  the  land  so  treated,  this  can  be  done  bv  the  use 
of  a  small  quantity  of  super,  wiiich  not  only  supplies  phosi)honi< 
in  a  water  soluble  form,  but  also  renders  a  portion  of  that  con- 
tained in  the  ground  rock  immediately  available  also. 
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Production  of  Guaxo  in   Western  Australia   (1847-1904). 


Ycir. 

Guano 

Baiscd. 

• 

Used 
locally. 

•       1 

Exported. 

• 

Revenue 

Collected. 

* 

1 

1 

Exported. 

t 

Value. 

1 

tons.    cwts. 

tons. 

tons.    cwtA. 

£      s. 

d. 

tons  ci»tH. 

£      fi.  d. 

1S47 

•  • 

•  • 

•  • 

3 

t  18    0    0 

1835     L 

■  • 

•  « 

•  • 

•  « 

25 

125     0     0 

1H65 

•  • 

1              •  • 

•  • 

•  ■ 

35 

175     0    0 

1?72 

•  ■ 

•  • 

•   • 

52 

107     0     0 

1.^76 

2,537 

*  • 

2,537 

1,437  10 

0 

735 

367  10     0 

lf*77 

15.054 

■  • 

15,054 

7,752     6 

8 

1,212 

6,060     0     0 

1K78 

22,676 

•  • 

22,676 

14,020  19 

7 

13,129 

66,095     0     0 

1^79 

8.602 

•  • 

8,602 

2,562  12 

3 

12,041 

54,184     0     0 

Ivy) 

•  ■ 

«  • 

■  ■ 

208  15 

0 

1,330 

6,650     0     0 

ISSl 

•  • 

•  • 

■  ■ 

-278  15 

0 

•  • 

•   • 

iNS-i 

2,690 

•  • 

2.690 

194     0 

0 

•  • 

•   • 

lNs:j 

724 

724 

520     0 

0 

456 

2,964     0     0 

lf*s4 

3,683 

18 

3,665 

2,287     7 

0 

1,163 

7,559  10     0 

KSo 

922 

233 

689 

312     4 

4 

528 

3.432     0     0 

1NS6 

10,072 

100 

9,972 

2.697  16 

4 

10.157  10 

66,023  15     0 

18S7 

3,360 

229 

3.131 

2,035     3 

0 

3,158 

20,.527     0     0 

1KX.S 

3,586 

449 

3.137 

1,851  11 

0 

3.110 

12,440     0     0 

L-vSD 

3.583 

188 

3,395 

1,097  10 

0 

3.395 

8,488     0     0 

1S9« 

1        4,038 

125 

3,913 

1.056  10 

0 

3  913 

9,783     0     0 

1-991 

,       6.225 

5(»8 

5,717 

2,8,')8  10 

0 

6,251 

15,628     0     0 

lN9'2 

2.569 

777 

1,792 

1,355  13 

4 

2,508 

4,389     0     0 

1S93 

3,297 

1         157 

3.140 

1,570     0 

0 

4.030 

7,052     0     0 

1894 

2,736 

218 

2,518 

969  10 

0 

2,239 

3,919     0     0 

1.s9j 

1        1,'59 

356 

1,103 

544     0 

0 

100 

200     0     0 

1.^96 

1.618 

1,168 

450 

191     5 

0 

'    1.660 

4.506     0     0 

1«97 

1.897 

1,205 

692 

335  11 

6 

1.496     5 

3,250     0     0 

1X9S 

3,601 

:         857 

2,747 

1,278     4 

11 

3.950 

9.380     0     0 

1X99 

3.092 

542 

2.550 

1,236     5 

1 

2,015  10 

5,165     0     0 

lOlH) 

1.103 

300 

803 

1,094     8 

0 

2,902 

7,527     0     0 

19f)l 

1,692     4 

595 

1,097     4 

466     4 

9 

1.099 

2.742     0     0 

1W)2 

1,930 

1,130 

800 

914     2 

0 

2,400 

4,800     0     0 

19()3 

2.668 

1,568 

1,100 

425  19 

4 

952 

2,034     0     0 

1904 

2.848 

1,437 

1,411 

705  10 

0 

1,411 

4,636     0     0 

Total 

118,580    4 

:    12,160 

105J64     4 

58,058     4  10 

1 

87,486    5 

888,782  15    0 

*.  Information  obtained  from  Annual  Reports  and  Flics  of  Lands  and  Surveys  Depart* 
'"^^nt,  f  Information  from  Statistical  Review. 

After  the  year  1904  the  exportation  of  guano  was  prohibited; 
tJip  following  table,  showing:  the  production  of  guano  since  that  date 
^^'I'ich  has  been  locally  consumed,  is  taken  from  figures  supplied  in 
^»>e  Statistical  Register: — 

Production  of  Guano,  1905-1016. 


Year. 


Quantity. 


Value. 


1 

Tons. 

£ 

1905- 

1906 

•                    •   •                    ■   • 

532 

>  • 

1907 

. 

2,015 

6,045 

1908 

2,009 

4,932 

1909 

1,7(M) 

3,5(K> 

1910 

950 

2,375 

1911 

1,853 

4,724 

1912 

1,282 

3,205 

1913 

1,720 

3,440 

1914 

1,583 

3,957 

1915 

353 

1,069 

Total      . 

« 

■   »                    ■   • 

13,997 

£82,247 

One  shilling  per  ton  was  paid  upon  this  by  way  of  royalty. 
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The  shipments  which  took  place  prior  to  1883  would  appear, 
as  far  as  can  be  ascertained,  to  have  gone  to  the  United  States  of 
America,  but  subsequently  to  that  date  when  Messrs.  J.  &  W-  Bate- 
man  took  over  the  business  of  Messrs.  Broadhurst  &  McNeil,  the 
bulk  appears  to  have  been  sent  to  Hamburg  and  Antwerp.  It  is 
only  since  1001  that  an  official  record  has  been  kept  of  the  destina- 
tion to  which  guano  was  despatched,  which  is  as  follows: — 


Tablk  sirowiNG  THE  Dkstination  of  Guano  exported,  lOOl-lOO:^. 


Year. 

Country. 

Quantity. 

Value. 

Tons. 

£ 

1901 

United  Kingdom 

60 

150 

Victoria  . . 

728 

1,820 

Tasmania 

311 

772 

1902 

Victoria  . . 

1.600 

3,200 

New  Zealand 

800 

1,600 

1903 

Tasmania 

142 

353 

New  Zealand 

810 

1,681 

I^OALITTES    FROM    WHICH    GUAXO    HAS    BEEN   OBTAINED. 


Locality. 


Jones,  Lesueur  &  Stowart  Islands 

and  Black  Hawk  Reef 
Browse  Island 
Lacepede  Islands     . . 
Bedout  Island 
Turtle  Island 
East  Forestier 
Dampicr  Archipelago 
Barrow  Island 
Montehello  Island   . . 
Trimouille  and  Hermite 
Beagle  Island 
Bernicr  Island 
Dorrie  Island 
Dirk  Hartog  Island 
Faure  Island 
Salutation  Island    . . 
Augustus  Island 
Abrolhos  Island 
Camac  Island 
Undelined  Islands 


Period. 

Tonnage. 

Royalty  and 
*Rent. 

£ 

8.  d. 

1884 

2,577 

1,675 

0    0 

1876-1886 

23,177 

3,158 

0    0 

,     1876-1879 

37,226 

18,611 

0    0 

1     1877-1882 

69 

38 

0    0 

1880-1882 

3 

0    0 

1882 

^ 

1 

0    0 

1880-1882 

250 

0    0 

1880-1881 

100 

0    0 

1880-1881 

30 

0    0 

1882 

15 

0    0 

1877 

30 

15 

0    0 

1882 

15 

0    0 

1882 

8 

0    0 

1880-1882 

105 

0    0 

1880-1882 

6 

0    0 

1882 

2 

0    0 

1881-1882 

37 

10    0 

1883-1915 

56.025 

t 

1880 

* 

5 

0    0 

1876-1878 

868 

483 

0    0 

*  No  returns  of  tonnage  raised,  as  it  was  consumed  locally. 
t  The  tonnage  is  only  approximate,  while  Royalty  and  Rent  has  not 
been  computed  as  a  whole. 


i 

3: 

i 

f 
1 

1 

> 

i 
I 

11: 

1 

||: 

S 

£ 

2i)'.920 
42,338 
45,977 
30,713 

III 

! 

13,200    0 
20.823    9 
23.367    0 
1.5,256  18 

iji 

i 

i 

i 
I 

£ 
11.286 
17,829 
13,946 
12,264 
15,260 
15.786 
9,106 
16.871 
14.930 

III 

1 

iiiiiiiiii 
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ACT  AND  REGULATIONS  GOVERNING  THE  WORKING  OF  GUANO 

DEPOSITS. 
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SpEdAL  Leases. 

Section  one  hundred  and  fifty-two  of  the  Land  Act  of  1898  as  amended  by 
the  Land  Act  Amendment  Acts  of  1902  and  1906. 

On  receiving  applications  in  the  form  or  to  the  effect  of  the  Twenty-eighth 
Schedule,  the  Governor  may  grant  leases  of  any  Crown  Lands  for  any  area 
not  exceeding  (except  in  the  case  of  leases  for  guano  or  other  manure,  or  for 
the  collection  and  manufacture  of  salt)  twenty-five  acres,  for  a  term  not  ex- 
ceeding twenty-one  years  from  the  date  thereof,  at  a  yearly  rental  of  not  less 
than  two  pounds  and  a  jmyment  by  the  lessee  of  the  cost  of  survey,  for  any 
of  the  following  purposes  (that  is  to  say) : — 

(1.)  For  obtaining  and  removing  therefrom  guano  or  other  manure 

Provided  that  in  all  cases  where  it  is  proposed  to  grant  a  lease  for 
a  longer  term  than  ton  years,  notice  of  the  application  for  such 
lease  and  of  the  purpose  and  term  for  which  it  is  proposed  to  ho 
granted  shall  be  published  in  four  consecutive  ordinary  numbers 
of  the  Oazette,  the  first  publication  being  at  least  one  month  before 
the  grant  of  such  lease. 
Every  application  under  this  section  shall  be  accompanied  by  a  deposit  of 
a  moiety  of  the  first  year's  rent. 

Reoulations. 

His  Excellency  the  Governor  in  Executive  Council  has  been  pleased  to 
approve  of  the  following  Regulations  respecting  the  removal  of  Guano  existing 
upon  Islands  or  Coasts  within  the  territorial  limits  of  Western  Australia,  and 
to  repeal  all  former  Regulations. 


1.     The  Minister  for  Lands  inny,  at  his  discretion,  license  the  Master  ol 
vessel  to  collect  and  removo  guano.     The  licenae  shall  be  deemed  to  b( 

er  the  Act  40  Victoria,  No.  IX.     (ThU  Act  provides  Penaltioa  for  removing 

no  uithout  license.) 


Gemer^l  License. 

3.  A  Oenrra!  License  shall  apply,  save  and  excepted  under  these  Regu 
ons,  and  all  Coasts  and  Islands  within  the  territorial  limits  of  the  State 
<hal]  onlj  be  issued  in  exceptional  cases,  to  encourage  the  discovery  am 
isation  of  new  deposits  oI  guano.  Localitits  comprised  within  any  pre 
ualy  issued  Ezcliisive  License,  or  localities  which  the  Minister  for  Lajidi 
V  deem  it  desirable  to  reserve,  shall  be  exempted  from  the  operation  of  i 
ifral  License,  and  so  noted  thereon.  The  localities  compiisod  "ithin  anj 
iscqucntly  issued  Exclasive  License,  but  not  until  the  Excli.'ii!e  Licensi 
I  been  exhibited  by  the  holder  thereof,  or  bis  agent,  to  the  Master  of  thi 
sel  acting  under  the  General  License. 

Special  License. 

4.  A  Spfcial  License  shall  apply  to  localities  specified  and  describee 
lein,  but  shall  not  exclude  the  holder  of  a  0'e.aeral  License,  or  the  holds 
any  other  S/itrial  License,  applicable  to  the  same  locality. 


5.  An  Exchtsivt  License  shall  only  be  issued  to  the  Master  of  a  vosae 
;  OK-neiH  and  charterers  of  which  are  under  special  agreement  with  the  Gov 
iment  to  remove  the  whole  of  the  guano  in  a  particular  locality.  An  Ex 
tin  License  shall  confer  the  sole  right  to  guano  in  the  locality  specilioc 


7,  Every  license  shall  be  for  the  removal  of  guano  for  use  in  the  Statt 
d  not  for  export,  and  the  Minister  for  Lands  may  roquire  the  licensee  t 
(cr  into  a  bond,  with  one  or  more  sureties,  to  duty  observe  this  Regulation 

Royalty  on  Guano. 

8.  A  Royalty  of  one  shilling  per  ton,  calculated  on  the  registered  tonnag 
the  vessel,  shall  be  paid  to  the  Mjnistcr  for  Lands  or  a  duly  authorised  officei 
fore  the  issue  of  any  license  to  collect  guano,  but  this  charge  may,  in  th 
le  of  aii  Exclvinve  License,  be  increaw^  by  the  Governor  in  Executiv 
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Term  of  Licenses  not  to  excbep  twelve  months. 

9.  Licenses  shall  be  for  a  period  not  exceeding  12  months,  to  be  fixed 
by  the  Minister  for  Lands. 

Minister  may  impose  further  Conditions. 

10.  Licenses  shall  be  subject  to  any  special  conditions  and  limitations 
which  the  Minister  for  Lands  may  deem  it  proper  to  endorse  thereon. 

Minister  for  Lands  to  supervise  removal  of  Guano. 

11.  Guano  shall  be  removed  under  the  direction  and  supervision  of  the 
Minister  for  Lands,  or  his  agent  resident  upon  the  spot.  The  Minister  or  his 
agent  may  mark  off  spaces  from  which  only  the  guano  is  to  be  taken,  and  may 
order  accordingly,  and  shall  prevent  waste  and  unprofitable  working  of  the 
deposits. 

Penalties — Revocation  of  License. 

12.  The  holders  of  licenses  and  their  agents  are  liable  to  the  penalties 
specified  in  Act  40  Victoria,  No.  IX.,  in  respect  of  any  act  not  duly  covered 
by  the  terms  of  their  licenses  and  these  Regulations  ;  and  the  license  of  any 
ship  infringing  the  conditions  of  the  license,  or  of  these  Regulations,  or  any 
order  thereunder,  shall  be  held  to  be  revoked  or  intimation  to  that  effect  given 
to  the  Master  of  the  ship  or  his  principals  by  the  Minister  for  Lands  or  his 
agent. 

Government  do  not  guarantee  Guano. 

13.  The  Government  will  not  be  responsible  for  the  quantity  or  quality 
of  any  guano  licensed  to  be  removed  under  these  Regulations. 

Questions  to  be  decided  by  Governor  in  Executive  CJouncil. 

14.  Licenses  under  these  Regulations  shall  be  subject  to  the  conditions 
that  any  question  or  matter  in  dispute  arising  between  the  Government  and 
the  holder  of  a  license  shall  be  referred  for  the  decision  of  the  Governor  in 
Executive  Council,  and  that  such  decision  shall  be  Bnal  and  binding  upon 
both  parties. 

Under  these  Regulations  Is.  per  ton  Royalty  is  charged  while  the  terms 
upon  which  leases  stro  granted  is  a  matter  for  the  Minister's  decision  in  each 
case. 


¥    : 


62.— THE     GOLDEH     BUTTERFLY     MINE 
UTTERFLY,  TAHFA,  NORTH  COOLOARDIE  GOLDnELD). 


By  J.  T.  JuTSON. 
With  Fignrea  1,  Z.  3,  and  4,  and  Two  Plates  I.  and  11. 
i  Golden  Butterfly  Gold  Mine  is  situated  about  five  miles  to 
t  of  the  Butterfly  (late  Dingo  Creek)  railway  statiou,  and 
4  miles  north-west  of  Kookynie  (see  locality  plan,  Fig.  1). 
roads  communicate  direct  with  the  mine,  the  means  of  com- 
ion  being  merely  by  bush  tracks. 
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The  present  leases  pertaining  to  the  mine  are  known  as  the 
Gregory-  or  Golden  Butterfly  leases  and  are  numbered  759g,  760g, 
753g,  and  754o^  respectively. 

The  mine  is  equipped  with  a  10-head  mill,  with  grinding  pans, 
filter  press  and  leaching  plant,  a  rock  drill  plant  consisting  of  two 
Butterfly  rock-drill  machines  and  two  stope  hammer  drills,  and  the 
usual  winding  and  other  gear. 

The  mine  water  is  used  in  the  battery,  but  is  not  suflSeient. 
(The  present  discharge  is  stated  to  be  1,800  to  2,000  gallons  per 
day.)  It  is  augmented  by  that  brought  from  the  pumping  station 
four  miles  to  the  east.  The  water  in  the  mine  is  stated  to  be  almost 
drinkable,  being  nearly  free  from  mineral  matter.  No  analysis  has, 
however,  yet  been  made  of  it. 

"Mulga"  is  practically  the  only  timber  in  the  district,  so  that 
when  "gum"  is  required  it  has  to  be  brought  from  a  considerable 
distance. 

The  position  of  the  mine  is  upon  a  slight  rise  on  the  great  arid 
plateau  of  Western  Australia.  In  the  immediate  neighbourhood  of 
the  mine  the  rocks  are  exposed  at  the  surface.  They  are  mostly  of 
a  grey  colour  when  undecomposed,  fine-grained,  homogeneous,  and 
of  a  basic-looking  character.  T^vo  fairly  fresh  specimens  have  been 
examined  by  the  Petrologist  (see  Appendix) ;  one  [j^]  from  the 
north  drive  of  the  250ft.  level  of  the  mine  is  referred  to  a  fine- 
grained slightly  quartose  diorite,  and  the  other  [y^]j  from  the 
surface  12  chains  east  of  the  mine,  is  described  as  a  medium-grained 
diorite  with  subophitic  structure  and  affinities  with  plutonic  am- 
phibolised  dolerites.  The  main  rock  of  the  district  may  therefore 
be  described  as  a  diorite.  It  is  generally  massive,  but  is  schistose 
in  places.  A  schistose  rock  from  the  hanging  wall  of  the  lode  in  the 
winze  below  the  300ft.  level,  south  of  the  main  shaft  C^^]?  has 
been  described  by  the  Petrologist,  who  considers  there  is  little  doubt 
that  it  is  an  altered  phase  of  the  more  massive  rock  [17^],  a  con- 
clusion towards  which  the  field  evidence  also  points.  The  strike  of 
the  schistosity-planes  was  noticed  in  two  places  on  the  surface,  at 
one  being  east  and  west,  and  at  the  other  N.  70deg.  E.  The  Butter- 
fly lode  strikes  about  N.  15deg.  W.,  and  the  quartz  reefs  noted  below 
strike  north-west,  west-north-west,  and  north-east.  In  the  absence 
of  detailed  surface  examination  of  a  much  wider  area,  it  cannot 
be  said  that  any  group  of  fissures  exists  having  a  dominant  trend. 

A  short  distance  to  the  south  of  the  mine  plant  a  couple  of 
narrow  dykes  in  the  diorite  are  seen.  They  consist  of  a  tough, 
dense,  and  very  fine-grained  rock  of  a  felsitic  character,  but  possess- 
ing small  grains  of  free  quartz.  A  specimen  [^-J^]  bas  been  de- 
termined by  the  Petrologist  (see  Appendix)  as  a  tine-grained  felsitic 
quartz  pohphyry.    To  the  south  and  east  of  the  mine  some  quartz- 


er»p,  bill  with  the  exception  of  a  |)othole  on  one,  no  work 
don«  on  them.  Presumably,  tlierefore,  they  are  non- 
it).  Their  strikes  have  been  noted  abiive.  Laterite  is  abun- 
lie  dislrii-'l.  Omitting  laterite  and  otlier  stiperficial  deposits, 
injianyiDg  geological  map  (Plate  I.)  shows  the  geology  of 

the  time  of  examination  the  mine  workings  comprised  an 
and  a  main  underlay  shaft  sunk  for  about  350  feet 
wl  on  the  underlay).  There  are  five  main  levels,  known 
o.  1  (100  feet),  the  150  feet,  the  No.  2  (200  feet),  the  2.'>0 
1  (lie  No.  3  (300  feet),  these  measurements  being  all  on  the 
'.  In  addilion  there  is  a  short  50ft.  level.  Tlie  bulk  of  the 
has  been  north  of  the  main  shaft.  Thus  the  leugths  of  the 
ives  are  as  follow: — ^No.  1  level  about  205  feet,  150ft,  level 
to  feet.  No.  2  level  about  270  feet,  250ft.  level  about  225 
i  No.  3  level  about  50  feet.  South  of  the  main  abaft  the 
is  as  follows ; — No.  1  level  about  118  feet,  No.  2  level  about 
,  250ft.  level  about  07  feet,  and  No.  3  level  about  95  feet. 
\iB  winzes  and  rises  hove  been  put  iu,  and  below  the  300ft. 
addition  to  the  main  shaft,  there  is  a  winze  to  the  south, 
s  connected  with  the  shuft.  The  aci^umpanying  ]ilanf 
II.)  show  these  undcirground  workings,  together  with  a 
stioti  of  the  lode,  the  latter  necessarily  being  somewhat  dia- 
tic  by  reason  of  the  dilTlcuKy  of  obtaining  accurate  data, 
}  sloping,  etc. 

■  country  consists  of  diorite  similar  to  that  already  described 
e  surface.  It  is  eom|ioratively  unweathereil  almost  to  tht 
but  varies  a  good  deal  in  its  hardness,  in  some  cast-s  bcin^ 
jft  and  easily  broken,  and  in  others  very  toush  and  dense. 
3  little  schistosity,  being  generally  massive,  not  only  on  eacli 
the  lode,  but  in  the  horses  of  mullock  in  the  lode.  On  ac- 
f  (lie  few  crosscuts  in  the  mine  lillle  tan  be  seen  of  Hit 
of  the  country  away  from  the  lode.  No  dykes  of  any  kintl 
en  observed  in  the  mine. 

J  lode  is  of  the  type  described  in  Western  Australia  as  i 
mation,  that  is,  it  is,  in  the  main,  country  which  has  beer 
■d.  and  into  which  solutions  have  been  introduced,  by  means 
'h  the  original  country  rock  has  been  largely  rejdaced  oi 
ted  by  silica,  pyrites,  and  gold.  The  various  stages  ol 
in  of  the  country  can  be  clearly  seen  in  the  lode,  the  grada 
a-ssing  from    very  slight   changes   in  the   original    country 

parts  largely  impregnated  with  pyrites,  into  portions  when 
f  the  original  is  left,  its  place  being  occupied  by  quart?. 

and  otiier  minerals  (see  Appendix  (gig).  This  applies 
lulphide  ore,  the  pyrites  in  the  oxidised  ore  having  been  de 
id.     On  each  side  of  some  quartz  veinlets,  the  country  ha; 
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been  stronjjly  impregnated  with  pyrites,  while  farther  away,  it  is 
]>ractically  free  from  this  mineral   (Fig.  2). 

Fig.  2. 
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Sketeh  showing  impregnation  of  oonntr j  rock 
by  pyrites  along  quarts  veins.  Golden 
Butterfly  Mine. 

Running  through  the  lode  in  various  directions,  but  usually  in 
tlie  case  of  the  more  prominent  ones  parallel  to  the  general  trend 
of  the  lode,  are  numerous  quartz  veins  and  veinlets  from  one- 
sixteenth  of  an  inch  to  10  or  12  inches  thick.  These  are,  as  a  rule, 
of  white  quartz  containing  little  pyrites,  and  they  appear  to  be  ot 
later  origin  than  the  solutions  which  altered  the  country  into  a  lode, 
as  there  are  always  sharp  junctions  between  the  two,  and  the  white 
(luartz  veins  cut  through  the  ordinary  lode  (Fig.  3).  This  idea  is 
strengthened  by  the  section  disclosed  in  the  winze  below  the  300ft. 
level,  south  of  the  main  shaft.  Here  the  original  lode  appears  to 
have  been  brecciated,  and  the  spaces  between  the  fragments  to  have 
been  filled  by  the  deposition  of  the  white  quartz  (Fig.  4),  the  latter 
in  this  case  clearly  being  of  later  origin  than  the  ordinary  lodestiiff- 
The  fragments  vary  in  size  from  one  to  18  inches.  Some  of  the 
small  ones  are  quite  rounded,  and  their  sides  are  in  places  slightly 
embayed,  so  that  it  is  possible  that  in  addition  to  the  white  quartz 
filling  the  s[)aces  it  has  also  partly  replaced  some  of  the  original 
lode;  but  this  at  present  is  merely  a  suggestion.  These  white  quartz 
veins  are  regarded  by  the  mine  management  as  of  low  values,  with- 
out, however,  any  separate  assays  having  been  made;  but  values 
trenerally  have  been  found  to  be  poor  in  their  vicinity. 

In  the  brecciated  portion  of  the  lode  just  mentioned  a  bluish- 
white  quartz  occurs.    This  is  part  of  the  main  lode  material,  and  it 


is  penetrated  by  tliin  veins  of  the  while  quartz.      Small  calcite  v 
ifre  noticed  in  one  plaee.     No  tourmaline  has  been  observed. 
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Tlie  oxidised  ore  is  usually  of  a  brown  colour,  is  generally  rather 
imi>l,  and  is  traversed  t'rwjuently  by  quartz  veins  and  veinleta.  Only 
"1  one  or  Iwo  places  was  the  oxidised  lode  observed  to  be  reduced 
">  a  soft  white  clay,  often  eharaeteristie  of  oxidised  Iwle-formations. 
I'^eiidoniorplis  after  pyrites  occur,  and  in  places  these  have  been 
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removed,  leaving  small  cavities,  which  give  the  lode  material  a  finely 
cavernous  appearance.  In  iioitions  the  apparent  remains  of  un- 
replaccd  mineral  constituents  of  the  original  country  may  be  noticed. 
Confirmation  of  the  origin  of  the  lode  is  supplied  by  microscopical 
examination  (see  ^^2  ^^  Appendix,  which  is  a  specimen  of  tbe  lode 
from  the  north. drive  of  the  250ft.  level). 
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The  level  of  the  ground  water  is  about  200  feet  on  the  under- 
lay (about  110  feet  vertically),  but  tliig  does  not  form  the  dividing 
line  between  the  oxidised  and  sulphide  ore.  Much  of  the  former 
occurs  between  the  200ft.  and  300ft.  levels,  and  althousrh  alonj;  the 
latter  level,  and  down  the  winze  sunk  therefrom,  sulphide  ore  prob- 
ably predominates,  yet  oxidised  ore  occurs.  What  little  can  be  seen 
in  the  roof  of  the  main  shaft  below  the  300ft.  level,  of  the  lode,  is 
apparently  mostly  oxidised  ore. 

Although  the  hanging  wall  is  in  places  rather  strongly  marked, 
this  cannot  be  said  of  the  walls  as  a  whole;  but  an  indefinitencss  of 
walls  is  often  characteristic  of  Jode-formations  by  reason  of  the 
mode  of  origin  of  the  latter.  The  ore  body,  however,  is  yet  fairly 
sharply  marked  off  from  the  country. 

The  strike  of  the  lode  is  about  N.  lOdeg.  to  15deg.  W.  as  a  rule, 
fn  the  different  levels  it  varies  from  this,  sometimes  more  and  some- 
times less  to  the  west  of  north,  but  it  is  usually  west  of  north.  The 
lode  dips  flatly  to  the  east,  tlie  average  dip  being  between  30de?. 
and  35deg.  The  thickness  of  the  lode  varies  considerably,  and  it  is 
difficult  to  give  an  average  of  the  whole.  Its  most  common  width 
would  j)robably  be  about  six  or  eight  feet,  but  it  frequently  runs 
to  10  and  12  feet,  and  in  places  becomes  reduced  to  about  four  feet: 
and  towards  the  end  of  a  lens,  as  at  the  southern  end  of  the  work- 
ing's, it  becomes  less  than  this.  On  the  other  hand,  what  is  known 
as  the  hanging-wall  lode,  south  of  the  main  shaft,  attains  in  place- 
a  thickness  of  about  20  feet. 

With  the  exception  of  a  small  branch  lode  in  the  150ft.  level 
only  one  lode  has  so  far  been  discovered  north  of  the  main  shaft, 
but  to  the  south  of  such  shaft,  at  least  between  the  200ft.  and  300ft. 
levels,  two  lodes  occur,  which  are  known  as  the  footwall  and  hanijinsi 
wall  lodes  respectively.  (A  thin  lode  to  the  west  of  the  footwall 
lode  at  the  300ft.  level  has  also  been  located,  but  this  need  not  here 
be  considered).  The  hanging  wall  lode  is  the  thicker,  reaching  about 
20  feet  in  one  place,  while  elsewhere  it  is  of  substantial  thickness. 
At  the  300ft.  level,  just  south  of  the  main  shaft,  a  lode  is  at  least 
15  feet  thick.  This  probably  mostly  represents  the  hanging  wall 
lode,  but  it  is  possible  that  the  footwall  lode  is  here  united  with  it- 
The  footwall  lode  varies  from  about  four  to  12  feet  in  thickness. 
TJie  two  lodes  probably  unite  well  above  the  200ft.  level,  and  are 
stated  to  have  done  so  towards  the  southern  end  of  the  workinfifs. 
but  their  union  has  not  been  proved  to  the  north  or  downward. 
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although  in  the  latter  direction  they  probably  soon  combine.  The 
lodes  are  separated  by  a  horse  of  mullock^  consisting  of  the  usual 
rountry,  diorite. 

Wherever  seen  at  the  southern  end  of  the  workings,  the  lode 
appears  to  tliin  out,  but  the  channel  seems  to  remain.  Little  work 
has  been  done  in  this  direction  south  of  the  No.  1  rise  south. 

The  lode  is  continuous  along  the  drives  north  of  the  main  shaft, 
but  tends  to  thinness  in  places.  Thus  at  the  200ft.  and  250ft.  levels 
there  is  for  some  yards  a  contraction  to  tw^o  or  three  feet,  the  \yalls 
consisting  of  very  hard  massive  diorite,  while  the  lode  here  is  practi- 
cally merely  schistose  altered  diorite;  the  mineralising  solutions 
have  apparently  almost  missed  this  portion.  This  schistose  diorite 
rommences  about  60  feet  north  of  the  main  shaft  at  the  200ft.  level, 
but  farther  north  at  the  2."30ft.  level.  If  the  two  portions  are  ,joi:ied, 
the  line  connecting  them  pitches  to  the  north  at  about  the  same 
anj?le  as  the  small  shoot  farther  north,  but  wliether  this  is  anything 
more  than  a  coincidence  cannot  at  present  he  said.  At  the  end  of 
the  short  north  drive  at  the  300ft.  level  the  lode  is  only  about  three 
feet  thick. 

The  main  shaft  below  the  TiOOft.  level  has  apparently  been  sunk 
below  most  of  the  lode.  The  roof  shows  some  lodestutf,  and  the 
lode  as  seen  at  the  300ft.  level,  immediately  to  the  south  of  the  main 
«baft,  appears  to  be  rising  so  as  to  pass  over  the  main  shaft.  Down 
the  winze  from  the  .'JOOft.  level,  the  lode  is  well  exposed.  It  is  largely 
»tulphide  ore,  and  a  thickness  of  six  feet  can  be  seen.  The  hanging 
wall  forms  the  roof  of  the  winze,  but  the  footwall  was  not  exposed. 
This  winze  has  been  connected  with  the  main  shaft,  but  neitiier  this 
connection  nor  the  bottoms  of  the  shaft  and  winze  could  be  seen 
on  account  of  some  water  having  accumulated  there.  Here  the  lode 
was  said  to  be  11  or  12  feet  thick. 

The  mine,  so  far  as  develojied,  has  been  largely  stoped  out. 
^outh  of  the  main  shaft  the  lode  has  been  mostly  removed  between 
the  surface  and  the  300ft.  lerel.  North  of  the  same  shaft  the  open- 
**ut  has  removed  much,  and  between  the  50ft.  and  150ft.  levels  most 
of  the  lo<le  has  been  taken  out.  Between  the  150ft.  and  300ft.  levels 
a  strip  about  30  feet  wide,  close  to  the  main  shaft,  ha<  been 
stoped,  and  also  the  northern  half  of  the  lode  between  the  150ft. 
and  200ft.  levels;  all  these  latter  remarks  apply  to  the  lode  north 
of  the  main  shaft.  Very  little  stoping  has  been  done  above  and 
below  the  250ft.  level  from  about  50  or  60  feet  north  of  the  main 
shaft. 

From  the  above  particulars  it  will  be  seen  that  a  shoot  occurs 
?'ractically  the  full  width  of  the  workings  near  the  surface.  It 
'^]>lits  north  of  the  main  shaft  at  about  the  150ft.  level,  and  the 
northern  portion  pitches  to  the  north,  but  appears  to  die  out  be- 
tween the  200ft.  and  250ft.  levels.  The  southern  portion  continues 
without  any  distinct  pitch  to  the  300ft.  level   (below  which  only  a 
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>nnze  and  the  main  shaft  have  been  sunk)  between  No.  1  rise  south 
and  a  distance  about  30  feet  north  of  the  main  shaft,  the  principal 
portion  beinjr  between  the  main  shaft  and  such  No.  1  rise  south. 
It  is  evident  that  this  shoot  forms  a  lens  of  ore  of  unfortunately 
short  length  horizontally. 

The  gold  is  said  to  be  very  fine,  and  rarely  to  be  seen  in  the  ore. 

It  is  stated  to  be  free  as  far  down  as  the  mine  has  been  worked,  in 

I 

tlie  sulphide  ore  as  well  as  the  oxidised.  Values  appear  to  have  been 
better  nearer  the  surface  than  lower  down,  but  in  the  main  shoot  this 
haS  probably  been  somewhat  compensated  for  by  the  increase  in 
thickness  of  the  lode  between  the  200ft.  and  300ft.  levels. 

Prior  to  1912  the  leases  produced  59.36  fine  ounces  of  gold  from 
2.'i.')  tons.  The  official  returns  of  the  company  for  the  years  1912, 
1913,  and  1914  show  a  production  of  7,808.27  fine  ounces  from 
31,379.32  tons,  giving  an  average  return  of  0.25  fine  ounce  per  ton. 
The  low-grade  character  of  the  ore  is  clearly  indicated. 

The  mine  has  been  closed  down  perhaps  only  temporarily. 
With  regard  to  its  future  prospects,  the  lode  channel  appears  to  be 
strong  and  well  defined,  and  it  should  live  to  a  reasonable  mininj: 
depth.  Even  wiiere  the  lode  thins  and  values  become  poor,  as  at 
the  north  and  south  ends  of  the  mine,  the  channel  remains;  and  in 
the  winze  below  the  300ft.  level  the  hanging  wall  is  smooth  and 
regular.  Concerning  the  lode  itself,  it  is  generally  found  in  Western 
Australia  tliat  lode- formations  are  persistent  in  depth,  and  there 
apj)ears  to  be  no  valid  reason  why  this  lode  should  not  continue. 
It  is  difficult  to  say  anything  definite  as  regards  values.  The  hxh* 
is  so  low-grade  that  almost  any  diminution  in  values  would  be  suili- 
cient  to  make  it  unpayable,  and  there  is  no  criterion  that  it  will 
increase  in  value,  unless  the  country  in  the  lode  becomes  more  com- 
pletely converted  into  ore,  in  which  case  there  is  a  chance  of  mon- 
gold  occurring.  On  the  other  hand,  as  the  lode  is  evidently  of  a  lensy 
character,  there  is  the  possibility  that  another  fairly  thick  lens  ot 
ore  may  occur  below  the  present  one;  and  its  thickness  may  enable 
it  to  be  worked  profitably.  The  same  remark  applies  to  farther 
sontli  of  the  main  shaft  than  at  ])resent  worked.  Values  appear  to 
give  out  to  the  south,  and  the  lode  becomes  thin,  but  as  already 
pointed  out,  the  ore  channel  exists,  and  it  is  quite  feasible  that  an- 
other ore  body  will  be  found  in  that  direction.  The  250ft.  level 
north  drive  has  been  unprofitable,  but  ore  may  exist  below  it.  Again, 
tiiere  is  the  ]>ossibility  of  the  hanging  wall  lode  being  found  north 
of  the  main  shaft.  The  ore  body  displayed  in  the  winze  below  the 
.300ft.  level  looks  very  well,  although  the  values  are  not  high  (usinff 
this  term  relatively  only.  Thus  "high"  values  in  this  mine,  say, 
fiOs.  or  60s.  ])er  ton,  might  be  "low"  in  others.) 

It  may  be  remarked  that  while  it  has  been  demonstrated  that 
the  ore  body  is  a  low-grade  one,  it  has  by  no  means  been  prove<l 
that  it  is  worked  out.    The  writer  is  therefore  of  opinion  (assuming 
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there  are  no  difficulties  in  extraction)  that,  taking  the  whole  of  the 
eirciimstanees  into  consideration,  a  further  trial  mip^ht  be  given  to 
the  mine  by  the  deepening  of  the  main  shaft  to  400  feet  or  more. 
Subsidiary  to  this  an  attempt  might  be  made  to  test  the  ground 
farther  south  than  yet  opened  up,  either  by  driving  along  the  200ft. 
or  250ft.  levels,  or  perhaps  by  a  series  of  bores  from  the  surface. 
The  lode  lies  so  flatly  that  this  latter  method  could  be  tried  without 
any  great  depth  of  boring  being  required.  It  must,  howevi^r,  be 
borne  in  mind  that  in  view  of  the  low-grade  character  of  th^  ore, 
and  the  futility  of  expecting  to  keep  always  in  payable,  ore, 
sullicient  capital  should  be  provided  to  enable  developmental  work 
to  be  kept  well  ahead. 

The  question  of  secondary  enrichment  has  not  been  considered 
here,  as  the  data  are  insufficient.  The  known  facts  of  the  mine  are, 
however,  in  the  writer's  opinion,  sufficient  to  justify  a  further  trial. 

The  writer  is  informed  that  there  is  no  difficulty  in  the  extrac- 
•  tion  of  the  gold  from  the  sulphide  ore,  but  this  does  not  come  within 
liis  province. 

The  assay  values  of  the  mine  (which  have  been  considered  in 
the  prej)aration  of  this  report)  have  been  supplied  by  the  manager, 
Mr.  G.  S.  Beresford,  to  whom  thanks  are  due  for  the  same  and  for 
facilities  for  inspection  of  the  mine. 

24th  October,  1914. 
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APPENDIX. 


PETROLOGICAL     NOTES, 

By  R.  A.  Farquharson,  Petrologist. 


yj^  (15  chains  E.S.E.  of  Golden  Butterfly  Mine). — A  minutely 
frrained  dark-grey  felsitie  rock  showing  frequent  small  clear  crystals 
of  quartz  and  others  of  felspar.  The  margins  weather  to  a  gre>'isli- 
white  phase.  There  are  a  few^  cracks  or  irregular  joints  in  the 
s})ecimens. 

S.  Occasional  phenocrysts  of  quartz  and  felspar  appear  in  a  fine-grained 
ground  mass  consisting  of  small  plat-es  of  felspar  and  quartz,  small  ragsred 
rods  of  felspar  and  a  semi-opaque  dust  in  strings  and  small  patches  ofu^n 
surrounding  the  quartz  and  felspar  plates,  and  consisting  of  chloritic  micaceous 
scales.  Often  the  latter  is  yellowish  or  yellow-green  in  colour,  associat<^ 
in  places  hoth  with  muscovite  scales,  epidotic  grains  and  small  grains  of  calcitc. 
With  the  yelloudsh-green  patches  are  small  grains  of  black  iron  ore  and  an 
occasional  crystals  apparently  of  rutile.  The  quartz  phenocrysts  are  remark- 
ably euhedral  or  truncated  at  alternate  comers;  slight  resorption  is  noticeable 
on  the  margins  of  some  of  them,  and  cracks  occasionally  occur.  The  felsjMir 
phenocrysts  are  square,  tabular  or  columnar,  all  turbid  from  kaolinisation 
and  often  micacisation,  sometimes  strongly  t\*'inned  on  tlie  albitc  law,  some- 
times almost  wholly  micacised.  Determination  of  the  species,  especially  of 
the  phenocrysts,  is  difficult,  but  the  rods  and  plates  in  the  ground  appear  to 
be  albite.  A  |wcuUar  feature  of  the  ground  is  the  occurrence  of  a  number  of 
round  radially  fibrous  felspathic  grains  resembUng  spherulites,  due  to  a  fel- 
spathic  intergrowth.  These  have  no  definite  arrangement,  occurring  merely 
scattered  amongst  the  rods  and  grains  of  the  ground  mass.  In  some  ca.st'!^, 
rounded  felspar  forms  appear  to  be  partially  platy  and  partially  radial,  the 
latter  arrangement  resembhng  a  fine  albite  lamellation. 

The  rock  is  a  fine-grained  felsitie  quartz-porphyry, 

-^J^  (12  chains  E.  of  Golden  Butterfly  Mine). — A  medium 
tjrained  dark-green  hornblende-felspar  rock. 

S.  The  chief  constituents  are  hornblende  and  felspar,  with  a  lesser 
amount  of  black  iron  ore  in  ragged  plates  and  grains.  The  hornblende  occurs 
in  ragged  columnar  aggregates,  the  columns  sometimes  small  and  almost 
prismatic,  sometimes  large  and  almost  platy.  In  all  cases  there  is  an  absence 
of  crystalline  outline.  The  species  is  green  in  colour  ^nth  pleochroism  from 
green  to  greenish-yellow  ;  incipient  chloritisation  is  not  uncommon,  resultiiijj 
in  a  weakening  of  birefringence.  The  aggregates  are  loose,  the  intervals  being 
occupied  by  roughly  columnar  and  platy  felspar,  in  amount  almost  ecjual  to 
that  of  the  coloured  constituent.  The  felspar  columns  and  platy  colunuis 
and  plates  are  generally  slightly  turbid  from  kaoUnisation — sometimes  from 
slight  micacisation  ;  are  coarsely  twinned,  sometimes  on  the  karlsbad,  some- 
times on  the  albite  law.  Some  of  the  plates  do  not  exhibit  twinning.  In 
some  places  there  is  an  in terpenet  ration  of  several  crystals.     Cracks  are  occas- 
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ionally  noticeable  as  well  as  a  slight  bending  of  the  lamellae.  Owing  to  the 
paacity  of  definite  albite  twins,  and  the  turbidity,  determination  of  the  species 
is  diffictdt,  but  from  such  measurements  as  have  been  made,  the  species  is  in 
part  at  least  rather  acid,  the  angles  agreeing  apparently  in  places  with  albite 
(10°.  11°).  The  structure  is  referred  to  the  sub-ophitic.  The  felspar  has  a 
stronger  tendency  to  crystalline  outline  than  the  hornblende,  and  frequently 
exhibits  a  coarse  plexal  character,  with  the  hornblende  partially  moulding  the 
forms.  The  structure  resembles  that  of  some  coarse  dolorites.  A  little 
quartz  occurs  in  occasional  grains  and  a  few  veinlets.  Some  grains  of  epidote 
are  observable  associated  with  chlorite  or  in  fine  granular  form  with  felspar. 
The  iron  ore  is  fairly  common  in  largo  ragged  plates  bluish  in  incident  light,  and 
referred  to  magnetite  (?  titaniferous).  In  some  of  the  plates  there  is  the 
striated  appearance  of  ilmenite,  suggesting  that  the  ore  may  be  a  residual 
product  after  alteration  of  augite  to  chloritised  hornblende.  Some  needles  of 
apatite  are  present.  In  the  general  structure,  the  rock  resembles  a  coarse 
dolerite  in  which  the  augite  has  given  place  to  hornblende,  though  the  character 
of  the  felspar  appears  more  acid  than  in  dolerite.  It  is  probable,  however, 
that  a  basic  species  such  as  labradorite  is  present. 

The  rock  is  put  down  as  a  fresh  medium-grained  diorite  with 
siib-ophitie  structure  and  aflinities  with  plutonic  amphibolised 
dolerites. 

^^^  (X.  dnve,  250ft.  level,  (Jolden  Butterfly  Mine).— In  hand, 
rather  similar  to  ^^^  but  of  finer  srrain  and  somewhat  jointed,  and 
with  pyrites  on  the  joint  surfaces. 

8.  In  general,  similar  to^.V**  ^^^  the  hornblende  is  in  more  ragged  and 
more  fibrous  aggregates  and  strings;  the  individual  forms  of  the  aggregates 
are  also  smaller.  The  felspar  is  mostly  in  ragged  platy  forms,  and  exhibits 
a  greater  absence  of  twinning  than  in  ,  V^.  Moreover,  in  many  of  the  felspars, 
small  prbms  and  scales  of  greenish  ehloritic  hornblende  are  enclosed,  and 
minute  needles  of  hornblende  penetrate  the  margin  of  both  the  felspar  and 
quartz  plates.  Small  quartz  plates  are  more  fre(|uent  than  in  »,-,^.  Though 
there  are  occasional  columnar  felspars  with  partially  id  iomorphic  outline,  in 
general  there  is  little  suggestion  of  ophitic  structure  ;  and  the  ragged  nature 
of  the  hornblende,  the  extent  to  which  the  felspar  plates  enclose  chloritised 
hornblende  scales  and  needles,  and  the  rounded  platy  characters  of  the  feL»par 
give  an  ill- defined  structure  to  the  rock.  Apatite  needles,  iron  ore  and  epidote 
occur  as  before.  There  is  little  doubt  that  the  rock  is  a  facies  of  j^^^,  but  a 
facies  decidedly  more  dioritic  than  ^l^. 

It  is  referred  to  as  a  fine-grained  slightly  quartzose  diorite. 

&ie       (^Vinze  from  300ft.  level  S.  of  main  shaft;   hanging  wall 

of   lode). — Dark-green    rather   weatliered    sheared    greenstone    with 

ehloritic  sheen  on  the  shear  surfaces. 

8.  Slide  consists  of  numerous  ehloritic  scales  and  loose  scaly  aggregates 
and  numerous  grains  of  calcito  punctuated  by  black  aggregates  of  iron  ore 
grains,  of  which  most  preserve  some  remnant  of  crystal  form,  all  obscuring  a 
basis  which  is  seen  to  consist  of  felspar  plates  and  a  few  irregular  quartz 
plates.  The  iron  ore  (magnetite  or  ilmenite)  is  in  forms  suggesting  that  it 
is  a  decomposition  product  of  a  pre-existing  fcrro-magnesian,  doubtless  augite 
or  hornblende.  The  calcite  grains— mostly  very  small  —are  very  numerous, 
associated  with  minute  chlorite  scales.  The  felspar  forms  are  very  indefinite, 
obscured  by  chlorite  scales  and  carbonate  grains  as  well  as  sometimes  by  mica- 
ceous scales.  Structure  is  also  indefinite — there  is  some  platy  columnar  struc- 
ture in  the  altered  felspar,  resembUng  that  of  ^J^-but  there  is  little  doubt 
that  the  rock  is  an  altered  phase  of  ^o »»  sheared  and  considerably  weathered. 
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y^Q  (About  300ft.  level). — A  dark-green  rock  identical  withg^g 
but  traversed  by  quartz  veins,  on  ef.ch  side  of  which  the  rock  is 
very  heavily  diarged  with  pyrites,  producing  a  kind  of  bleaching: 
of  the  green  rock. 

8.  Rock  identical  with  ^l^  ;  but  in  proximity  to  the  quartz  veins  the 
black  iron  ore  has  been  converted  by  sulphide  solutions  into  pyrites,  while 
probably  the  chlorite  itself  has  lost  its  iron,  which  has  also  been  converted  to 
pyrites. 


_i 
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(ore  from  winze  from  300ft.  level,  south  of  main  shaft). 


A  phenomenon  similar  to  that  in  ^^^  has  occurred  in  the  case  of  this  speci- 
men. Remains  of  iron  ore  are  still  to  be  seen,  but  most  of  the  forms  have  been 
partially  or  wholly  converted  to  pyrites,  while  the  main  mass  of  the  slide  ia 
occupied  by  large  plates  of  a  carbonate  (calcite),  and  numerous  pLaty  and 
columnar  turbid  tw^inned  felspars  which  are  frequently  themselves  partially 
carbonated.     There  are  occasional  bands  of  quartz  and  quartz  mosaic. 

The  rock  in  hand  is  greyish  in  colour,  of  medium  to  Hne  grain,  with  several 
white  quartz  veinlets  producing  the  appearance  of  banding,  and  heavily  p^Ti- 
tised  material  between  the  bands.  Since  in  some  cases  there  is  no  pyritisation 
of  the  surrounding  material  in  proximity  to  the  quartz  veins,  it  is  probable 
that  the  lode  alteration  of  the  rock  (carbonation  and  pyritisation)  took  place 
prior  to  the  introduction  of  these  veinlets.  On  the  other  hand,  some  of  the 
veins  are  bordered  by  a  heavy  deposit  of  pyrites,  so  that  there  may  be  two 
sets  of  quartz  veinlets  in  the  lode. 

yjg  (^*  <iri^'e,  250ft.  level).— A  somewhat  coarse-grained,  very 
much  weathered  ferruginous  rock  consisting  of  blackish  iron-stained 
crystals  separated  by  yellowish  or  reddish-white  felspar.  Resembles 
a  heavily  oxidised,  iron-stained,  coarse  amphibolite. 

S.  Consists  of  large  turbid  columnar  and  platy  or3r8tals  of  felspar,  irregu- 
lar platy  crystals  of  quartz,  scaly  particles  of  yellowdsh  and  greenish  chlorite, 
and  many  irregular  platy  crystals  of  bluish-black  iron  ore,  surrounded  by  heavily 
stained  yellowish  or  brownish  chloritic  and  felspathio  material.  Veinlets  of 
yellow  epidote  appear  ;  the  felspar  plates,  some  of  which  are  twinned,  are 
partly  kaolinised,  partly  micacised.  Yellowish  scaly  chloritic  patches  and 
streaks  are  common^  but  they  are  mostly  iron-stained. 

The  structure  is  undoubtedly  platy  as  in  plu tonic  rocks  but  otherwise 
obscured  by  alteration. 

There  is  little  doubt,  however,  that  the  rock  was  originally  a 
felspar-quartz-hornhlende  rock,  probably  identical  with  ^Jq.  -^ 
small  amount  of  a  kaolinised  felspar-quartz  intergrowth  is  present 
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63.— GOLD     DEPOSIT     AT    FIELDS'     FIND    (THE    PATCH), 
DUKETON,    MOUNT    MARGARET    GOLDnELD, 


Bv   C.    S.    HONMAN. 
(With  a  Sketch  Plan,  Plate  III.) 
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Introduction. 

Field's  Find  was  discovered  some  three  or  four  years  a^o,  when 
alhivial  gold  was  first  found  around  a  "boody  hole."  A  rush 
followed,  and  some  rich  claims  were  pegjied.  0\'er  1,000  ozs.  of 
alluvial  jjold  was  won  off  the  patch,  but  it  is  believed  that  altogether 
2,000  ozs.  would  be  nearer  the  actual  figure. 

Further  prospecting  revealed  alluvial  gold  to  the  north,  on 
rising  ground  above  the  original  workings.  An  acre  of  ground  was 
drv^-blown  here;  subsequently  still  further  north  two  more  alluvial 
patches  of  about  an  acre  each  were  worked.  The  original  workings 
cover  an  area  of  about  12  acres. 

On  the  line  of  these  alluvial  patches  a  number  of  shafts  have 
been  sunk,  and  some  rich  patches  of  gold  were  obtained  here  and 
there,  apparently  close  to  a  schist  footwall  and  associated  with  iron- 
stone lodes  resting  on  the  supposed  footwall.  Most  of  these  patches 
were  struck  at  aboirt  40  feet  below^  the  surface. 

Altogether  between  'AO  and  40  such  patches  were  obtained,  all 
disconnected,  and  owing  to  the  decomposed  nature  of  the  country 
apparently  occurring  anywhere  and  in  all  kind-;  of  country,  conse- 
quently a  method  of  blind  stabbing  has  had  to  be  resorted  to.  The 
largest  patch  yielded  250  ozs.  of  gold,  and  others  200  ozs.,  170  ozs., 
73  ozs.,  down  to  50,  40  and  35  ozs.,  and  as  small  as  2  ozs. 


r^^^ 
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Topography. 

The  find  is  situated  rouglily  three  miles  west  of  Duketon  Town- 
site,  and  occurs  on  slijrhtly  undulating  coiuitry.  Between  Duketon 
and  "The  Patcli"  the  jaround  is  almost  level.  To  the  south-west 
there  appears  to  he  a  fall  towards  the  head  of  Borodale  Creek.  To 
the  north-west  the  country  rises  grradually  towards  Inji  Jinjri  or 
Mason  Hill.  There  is  rising:  ground  to  the  south-east.  The  main 
alluvial  workings  occur  in  a  depression  which  falls  to  the  south-west. 


I       .' 
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General   Geology. 

Owing  to  the  hurried  nature  of  my  visit  no  tiine  was  available 
for  any  geological  mapping  of  the  surrounding  country,  but  the 
rocks  appeared  to  be  composed  of  decomposed  greenstone  scliists 
for  miles  around.  Isolated  and  narrow  bands  of  what  appeared  to 
be  granite  schists  were  noted  here  and  there,  but  owing  to  the  de- 
composed leached  nature  of  the  country  these  might  be  crushed 
porphyries  which  can  be  definitely  recognised  a  few  miles  west  of 
"the  Patch.*^ 

On  the  find  itself  two  kinds  of  rocks  are  represented: — 

(1)  Decomi)osed  schist,  probably  derived  from  an  Amphibo- 

lite  schist. 

(2)  Decomposed    massive   intrusive,    probably   derived   from 

a  fine-grained  Dolerite. 

On  the  west  of  the  intrusive  rock  the  schists  are  either  more 
acid  or  very  nuich  leaciied,  but  at  no  great  distance  we^t  the  obvi- 
ously basic  schists  occur  again. 

The  schists  all  strike  roughly  N.  and  S.,  and  dip  from  40desr. 
to  50deg.  to  the  west.  Tlie  massive  rock  is  an  intrusive  dyke  cutting 
across  the  schist  at  an  acute  angle  on  a  bearing  of  25deg.  W.  of 
north,  and  has  an  average  width  of  about  100  feet.  The  dyke  dip^ 
to  the  west  at  a  steep  angle  varying  from  almost  vertical  to  75deg. 

Along  the  ejistern  contact  of  the  dyke  and  the  schist  a  •'slicken- 
side'^  or  greasy  head  occurs,  with  vertical  groovings,  giving  it  tlu* 
aj>i)earance  of  a  contact  fault.  This  is  borne  out  by  the  Whaviour 
of  quartz  leaders  coming  in  on  to  the  contact.  When  the  leaders 
come  in  from  the  schists  and  dip  towards  the  contact  they  seem  to 
be  dragged  into  the  contact,  while  leaders  coming  from  the  dyke  and 
also  dipping  towards  the  contact  are  broken  short  and  a])parently 
dragged  upwards  along  the  contact  or  greasy  head.  Leaders  in  the 
fault  zone  are  also  crushed  and  granulated.  It  therefore  appcai*=^ 
that  the  dyke  has  sli))j)ed  downward  from  the  footwall  or  schist 
country,  or  the  contact  is  a  ]>lane  of  normal  faulting  (see  cross  sec- 
tion of  figure  on  plan). 

At  the  surface  it  is  impossible  to  recoj»Tiise  the  existence  of  tlu' 
dyke  without  scraj)ing  off  tlie  loam,  and  then  it  is  extremely  diflfi(*ult 
to  distinguish  it  from  the  schist  on  account  of  the  cement  covering- 
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[ir  20  feet  below  tlie  surfnee,  owing  to  flie  e\trenie  alteralioi 

rocks,  it  Ls  iiU)Kisiiible  tu  see  the  cuiitact,  and  the  SL-hist  <'annol 
Inilely  liistinsuished  from  the  dyke  above  llial  depth,  escepi 
nds  of  ironstone  oppiiring  aloiiff  the  planer  of  foliation  am 
g  with  the  sehists  towards  the  contact. 
I  tile  SOI  it  hern  most  tease,  known  as  t)ie  tiravel  Pit,  tlie  altera 
['  the  rociks  is  more  extreme.    The  surface  rork  here  has  beet 

<-lianf:ed  into  a  laterite  eapi^ed  with  eemeut,  and  along  tin 
t  of  the  dyke  and  sfhisl  large  pockets  of  ironstone  gravel  oi 
tc)  have  been  formed  by  the  coneen  trot  ion  of  the  ferrujtinous 
uents  of  llie  rock  into  nwlides.  At  tirst  sight  these  pockets 
vel  appear  to  be  of  alhivial  origin,  but  tliey  are  iindoubtedli| 
reme  form  of  alteration  of  Ihe  counlrj-  rock  in  the  neigh- 
>od  of  the  contact  fault. 

long  the  contart  wall  tlie  line  of  the  cement  nhich  caps  tlit 
at  the  surface  has  been  leached  out,  forming  a  ruggy  channe 

extends  down  from  tlie  surface  for  some  distance.  Tin 
r  hole"  from  whicli  the  Hrst  gold  on  the  find  was  specked  was 
ily  formed  hy  a  similar  leaching  of  surface  line  from  tin 
n  contact  of  the  dyke. 

he  (|iiarl/  leaders  in  the  dyke  are  short  and  narrow  and  mort 
ish  I'eins.  They  wei'e  probably  formed  by  the  filling  of  shrink 
acks  on  llie  margin  of  the  dyke.     These  quartz  leadersi  gen 

strike  north  and  south  and  dip  4'idefr.  ea*t,  towards  thi 
I.  The  quartz  li-aders  coming  in  from  tlie  footwall  side,  or 
her  hand,  are  generally  parallel  with  the  contact  and  dip,  the 
as  the  schists. 

ECONOMIC     (tKOLOOY, 

he    occurrence    of    the    gold    on    the    find    appears    to    ht 

htedly    associated    with    a    contact    fault,    which    is    repre- 

by  the  '"slick enside"  or  gi'easy  head  that  divides    the   sehisi 

:he  massi»e  greenstone.     Patches  of  gold  occur  when  a  quarti 

from  the  dyke  or  massive  greenstone  abuts  against  the  g^eas.^ 

When  a  patch  occurs  the  gold  impregnates  the  country  aboiil 
■easy  head,  and  along  the  course  of  the  leader  and  on  th( 
ig-wall  side  of  Ihe  head.  Leafy  gold  can  also  be  seen  aton£ 
ce  of  the  greasy  head.  At  the  time  of  my  visit  no  one  was 
y  walking  out  a  good  jtotch.  but  Messrs,  Brennan,  Duke,  anr 
1  were  working  a  couple  of  small  patches,  and  from  these  som< 
te  could  be  made  of  llie  nature  of  the  gold  occurrence, 
he   quariz  leaders   in   Ihe  massive  greenstone  in  most   easef 

N".  anit  R.  nnd  dip  4.'>deg.  east,  and  between  the  leaders  anf 
?l  to  them  there  is  a  slight  incipient  foliation.  The  gold  aolii- 
il>pear  to  have  ascended  along  the  greasy  head  and  to  hav« 
ted  Iheir  gold  contents  in  (he  shrinkage  fissures  in  the  massivi 

There  are  cases  in  which  patches  have  been  found  in  tht 
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massive  rock  away  from  the  greasy  head,  but  wherever  pointed  out 
they  were  associated  with  a  quartz  leader  and  w^ere  probably  fed  by 
the  quartz  leader  from  the  greasy  head. 

The  (juartz  leaders  are  very  narrow,  and  are  not  continuous, 
but  occur  in  small  gashes,  which  may  account  for  the  occurrence  of 
gold  in  patches  and  not  as  a  continuous  shoot. 

Supposing  the  quartz  leaders  were  continuous,  then  their  line 
of  intersection  with  the  greasy  head  would  pitch  about  20  deg.  south, 
if  the  greasy  head  is  taken  as  striking  'iodeg.  W.  of  X.  and  dipping 
SOdeg.  west  and  the  leaders  as  striking  N.  and  S.  and  dipping  45deg. 
to  the  east.  Hence  it  is  probable  that  along  the  greasy  head  a  series 
of  patches  may  occur  pitching  to  the  south  at  20deg.,  but  appar- 
ently with  big  blank  spaces  between  them.  It  is  possible,  however, 
that  in  places  where  the  patches  are  fairly  close  that  values  will  lead 
from  patch  to  patch  and  probably  provide  lode  material  between  the 
I)atches  of  sufficient  value  to  pay  to  crush  at  a  battery.  With  tlie 
absence  of  anything  else  to  go  on,  the  contact  fault  or  greasy  head 
should  take  the  place  of  an  "indicator"  to  the  next  patch  w^hen  the 
last  has  been  worked  out. 

The  contact  fault  should  extend  down  to  a  great  depth,  and 
there  is  no  reason  why  the  vertical  distribution  of  the  patches  should 
be  any  different  from  their  horizontal  distribution  at  about  40ft. 
level  all  along  the  line. 

To  the  east  there  are  some  large  blows  of  quartz,  the  dip  of 
whicli  cannot  be  discerned  on  the  surface,  but  which  is  probably  the 
same  as  the  schists.  If  the  blows  live  to  hit  the  contact  there  is  a 
jjossibility  that  they  may  carry  gold  there. 

The  greasy  head  often  carries  a  narrow  quartz  vein  apparently 
connected  with  leaders  coming  from  the  schist  wall. 
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The    Leases. 

The  North  Block  GM.L.  1937t  (Messrs.  Dwyer  Bros.).— On  this 
lease  six  prospecting  shafts  have  been  sunk.  At  the  south  end  the 
deepest  is  down  07  feet  in  hanging  wall  country  and  is  sunk  below 
the  water  level,  which  is  about  iVA  feet.  At  01  feet,  drives  north 
and  south  follow  tlie  hanging  wall  side  of  the  greasy  head.  At  r)0 
feet  a  patch  has  been  w^orked  east  of  the  shaft. 

At  the  north  end  of  the  lease  one  shaft  is  down  in  hanging  wall 
country,  hut  no  gold  liad  been  located  below  the  surface.  Grossinjr 
the  northern  boundary  there  is  a  dry-blown  patch  covering  about 
an  acre  of  ground,  on  wliich  claims  yielding  30ozs.  of  gold  were 
worked.     Tlie  richest  gold  was  got  just  above  tlie  contact  fault. 

Just  outside  the  northern  boundary  on  the  same  alluvial  patch 
tliere  are  three  pr()S])ecting  shafts,  one  in  hanging  wall  country  and 
two  in  foot  wall  counlrv. 
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four  chains  nortli  of  tlie  same  buundary  tliere  is  another 
blown  patrh.  This  has  been  prospeeted  by  sinking  six 
he  patch,  two  in  liangin^  wait  roiinlry  aiiit  four  in  foot- 
ry.  The  two  i^tnntries  can  be  easily  distinguished  on  the 
t  in  the  neighbourhood  of  the  contact  they  axe  very  much 
(1  it  is  didicult  to  locate  tlie  contact.  No  results  wei^,., 
rom  these  underground  workings,  though  some  nice  reel's 
<ed  in  the  schist  dipjiing  towards  the  contact. 
^  south  end  of  the  lease  from  about  20  feet  north  of  the 
I  a  20l)-oi.  patch  was  obtained  at  a  depth  of  35  feet,  and 
patches  south  of  the  water  shaft. 

.  201S  (Messrs.  Dwyer  &  Macalluni ) .— On  this  six  pros- 
lafts  have  been  sunk,  three  in  foot  wall  and  three 
t  wall  country.     The  party  is  at  present  working  from 

in  llie  middle  of  the  lease  from  where  they  obtained  a 
I  the  hanging  wall  country  and  close  to  the  contact.  They 
iving  south  on  the  contact  at  50  feet.  The  kaolin  in  the 
io<id  of  where  they  got  a  patch  shows  fine  gold  distributed 

.  19;«T  (Messrs,  Clarke  &  Cox) ;  now  held  on  tribute  bv 
'ennan,  Duke  &  Hogan.-^Tiiis  party  was  working  at  the 
of  the  lease,  and  had  struck  two  small  patches  at  40  feet 
iiact  fault.  One  patch  containeil  about  35ozs.  The  gold 
'  around  the  leader,  and  Hne  where  it  impregnated  iron- 
kaolin.     They  were  driving  north  and  South  on  the  con- 

e  south  end  of  this  lease  a  considerable  amount  of  work 
ione,  and  a  patch  yielding  '2.)0ozs.  was  obtained  here. 
K-k  of  ground  between  leader  coming  in  from  the  south 
)nlact  had  been  worked  out.  The  ground  l>etween  tlic 
der  and   the  contact   is  apparently  gold-bearing.        The 

been  worked  for  70  feet  from  the  conlact. 

of  where  the  above  leader  cuts  the  contact  the  dyke  ap- 
ike  a  slight  turn  to  the  east.  It  is  possible  that  the  dyke 
'ractured  or  slightly  twisted,  causing  the  leaders  to  pene- 
le  opposite  side  of  (he  dyke  and  possibly  the  gold  had 
■d  across  to  the  western  contact  and  southwards  along  the 
intact.  This  may  account  for  the  poor  results  obtained 
pecting  the  eastern  contact  in  the  south  block,  or  Gravel 

'lutk  Block.  G.M.I..  1017T  (Mes-srs.  Field  &  Fox);  locally 
the  firavel  Pit.— A  great  deal  of  work  has  been  done  all 
contact  at  about  40  feet,  but  with  very  discouraging  re- 
y  prospectp  that  have  been  obtained  tiave  been  from  the 
111  the  workings  in  this  lease  are  on  the  alluvial  patch,  and 
gold  from  the  alluvial  was  obtained  from  100  to  150  feet 
e  underground  workings  on  the  eastern  contact.    The  line 
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of  strike  of  the  richest  gold  is  roughly  parallel  with  the  eastern 
contact  and  across  tlie  "boody"  hole  from  wliich  the  ori^nal  gold 
was  specked.  1  am  of  the  opinion  that  in  this  lease  tbe  western 
contact  of  the  dyke  will  prove  to  be  the  chief  gold  (Carrier,  and 
would  suggest  prospecting  near  the  **boody"  hole,  which  is  about 
100  feet  west  of  the  eastern  contact. 

Outside  the  southern  boundary  there  are  three  shafts,  two  of 
whicli  are  sunk  in  footwall  country  and  the  western  one  in  hanging 
wall  country.  The  contact  lias  been  driven  on  for  100  feet  at  40 
feet  from  surface,  but  without  result,  but  the  drive  has  not  kept  to 
the  front  all  the  way.  At  one  place  on  the  contact  a  series  of  vuir* 
were  encountered  extending  from  the  surface.  It  is  probable  that 
the  **boody"  hole  is  the  opening  of  a  similar  line  of  vugs  on  the 
western  or  opposite  contact  of  the  dyke. 
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Recommendations  for  Future  Prospecting. 

The  patches  have  so  far  all  been  got  at  about  40  feet  from  the 
surface,  and  in  almost  all  cases  the  shafts  from  which  they  have 
been  got  have  been  sunk  in  footwall  country.  These  shafts  were 
sunk  vertically  until  the  country  was  sutficiently  undecomposed  to 
give  a  schist  footwall,  which,  dipping  less  steeply  than  the  contact, 
when  sunk  on  took  the  shaft  up  against  the  contact,  and  often  alonsr 
a  promising  looking  ironstone  lode. 

If  a  patch  were  struck  on  the  contact  the  ironstone  lode  has 
been  regarded  as  the  gold  carrier,  whereas  really  it  is  only  a  zone 
in  tlie  schist  impregnated  with  iron,  dipping  with  the  schist  ami 
abutting  against  hanging  wall  country. 

The  plane  of  schist  being  taken  as  footwall,  a  rise  put  up  along 
the  ironstone  would  lead  into  footwall  country  and  leave  the  plane 
on  which  the  patches  occur  at  the  back  of  the  rise.  Hence  it  fol- 
lows that  if  the  contact  fault  is  the  true  plane  of  the  patches,  then 
by  following  it  ui)wards  there  should  be  40  feet  of  backs  practically 
un  prospect  e<l. 

In  sinking  there  should  be  no  difficulty  because  the  hangin? 
wall  of  massive  greenstone  would  be  easily  recognised  and  is 
bounded  by  the  greasy  head,  or  zone  of  greasy  heads.  In  places 
there  may  be  two  or  three  parallel  heads  and  branch  heads,  but 
they  should  never  be  far  from  the  contact  and  one  (the  principal 
gold  carrier)  will  be  more  distinct  than  the  others. 

In  rising  the  dilTiculty  is  that  the  contact  fault  or  greasy  head 
is  not  so  distinct  near  the  surface,  and  the  rise  is  apt  to  follow  the 
foliation  of  the  schist  wiiich  goes  into  the  foot^vall  country,  and 
most  of  the  ironstone  leaders  are  parallel  with  the  schists. 

The  ironstone  in  schist  has,  in  my  opinion,  nothing  to  do  with 
the  gold  except  that  the  ironstone  formations  happen  to  generally 
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follow  tht  quartz  leaders  into  the  schists.  The  ironstone  formations 
are  merel>  concentrations  of  iron  due  to  the  leachinp  of  the  coun- 
try, and  generally  wliere  ironstone  is  formed  large  masses  of  kaolin 
and  pug.ar^  left  around  it. 

In  Messrs.  (^larke  and  Cox's  workings  the  gold  could  be  seen  in 
both  the  kaolin  or  pug  and  the  ironstone,  and  ou  either  wall  of  the 
preasy  head. 

It  is  therefore  evident  that  the  ironstone  and  pug  is  apt  to 
mask  the  true  structure  which  is  responsible  for  the  gold  occurrence. 

Below  40  feet  this  alteration,  which  is  due  to  the  action  of 
atmospheric  waters,  will  be  less  intense  and  the  structure  plainer. 

The  Western  contact  of  the  dyke  has  so  far  not  been  prospected 
bdow  the  surface,  and  very  little  on  the  surface.  This  contact  should 
be  well  worth  trying,  as  the  same  conditions  should  occur  there  ex- 
cept that  the  dyke  instead  of  the  schists  will  be  footwall,  and  the 
cellists  hanging  wall.  The  difficulties  on  the  west  side  of  the  dyke 
^'\\\  probably  be  greater,  because  the  schists  will  be  di])ping  down 
and  away  from  the  contact  and  will  probably  carry  quartz  leaders 
and  ironstone  formations,  which  would  be  tempting  to  follow. 

The  rich  alluvial  gold  from  *'the  Patch''  has  probably  come  from 
the  western  contact,  because  the  ground  around  the  boody  hole  does 
»ot  appear  to  have  been  subjected  to  any  water  action,  since  tliere 
is  only  a  thin  coating  of  alluvial  (a  few  inches),  and  any  sudden 
rnsh  of  water  would  have  been  carried  away  in  the  deep  ground 
(two  or  three  feet)  on  the  north  and  south  side  of  the  alluvial 
workinjis. 

In  the  deep  ground  the  rich  claims  were  lower  down  than  the 
Western  contact,  but  here,  ap])arently,  a  sudden  rush  of  water  oc- 
'*mTed,  probably  caused  by  a  severe  thunderstorm,  as  I  am  told 
^hat  the  gold  was  distributed  through  the  wash  from  top  to  bottom. 

If  the  rich  gold  had  come  from  the  eastern  contact,  the  rich 
alluvial  should  be  very  close  to  that  contact,  especially  as  the  con- 
tact is  dipping  west. 

1   would  therefore  recommend: — 

(1)  On  all  leases  to  follow  the  contact- fault  or  "greasy  head,'' 
•ising  it  as  an  "indicator." 

(2)  In  the  northern  leases  rise  up  on  the  contact  fault  from 
convenient  places  in  levels  driven  on  the  contact. 

(.3)  In  south  block,  sink  on  as  ccmveniently  close  to  the  boody 
hole  as  possible,  find  contact  and  drive  on  it. 

(4)  If  on  a  series  of  good  patches,  prospect  for  further  patches 
as  if  they  were  pitching  south  at  20deg. 
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SUMMABY. 

(1)  A  fine-grained  basic  dyke  striking  25deg.  west  of  Magnetic 
North  and  dipping  90deg.  to  75deg.  west,  cutting  at  an  acute  ande 
across  irreenstone  schists  which  strike  north  and  strike  and  dip 
40deg.  to  TiOdeg.  west,  occurs. 

(2)  The  gold  occurrence  is  composed  of  a  series  of  patclies  of 
gold  associated  with  quartz  veins  in  shrinkage  ci*acks  that  abut 
against  a  contact  fault  occurring  on  the  eastern  wall  of  the  dyke. 

('A)  The  gold  is  never  far  from  the  contact  fault  except  where 
carried  into  country  by  a  quartz  leader. 

(4)  The  patches  occur  mostly  in  the  hanging  wall  of  the  con- 
tact fault  or  indicator. 

(5)  The  contact  fault  is  represented  by  a  greasy  head  or  slick- 
enside  which  is  probably  the  carrier  of  the  gold  solutions  which 
have  impregnated  the  shrinkage  veins  in  the  dyke. 

(6)  The  western  contact  is  probably  the  chief  ore-bearing  zone 
at  the  southern  end  of  the  line. 

(7)  The  vertical  distribution  of  the  patches  should  not  differ 
from  their  horizontal  distribution. 

8th  June,  1916. 
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64.— INVESTIGATION  INTO  THE  CAUSE  OF  THE  MINERAL- 
ISATIOM  OF  THE  <' SEVEN-MILE "  SWAMP  AT  GRASS- 
MERE,  HEAR  ALBANY,  SOUTH-WEST  DIVISION. 


By  H.  P.  Woodward. 

(With  a  Map,  Plate  IV.) 
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Introductory. 

This  investigation  was  undertaken  at  the  request  of  certain 
settlers  who  claim  that  tlie  drainage  as  carried  out  by  the  Govern- 
ment has  not  only  been  ineffective,  but  has  in  reality  caused  con- 
siderable damage  to  their  lands  by  causing  the  deposition  of  certain 
injurious  matter  upon  them,  i.e.,  by  the  flooding  of  their  lands  by 
storm  water  brought  down  from  the  hills  by  a  drain  which  is  said, 
contained  injurious  mineral  matter. 

Evolution  op  Topography. 

With  the  object  of  making  the  subject  of  this  rei)ort  as  clear 
as  possible,  it  will  be  necessary  in  the  first  instance  to  consider  the 
physiographical  changes  that  have  taken  place  in  this,  and  during 
recent  geological  times. 

The  area  under  review  embraces  that  narrow  strij)  of  coastal 
country  w^hich  runs  in  an  east  and  west  direction  from  Princess 
Royal  Harbour,  off  King  George's  Sound,  to  Torbay  Inlet. 

It  consists  of  a  low-lying  valley  about  one  and  a  half  miles  in 
width  and  10  miles  in  length,  bounded  on  the  south  by  a  coastal 
range  composed  of  granite  masses  and  ancient  consolidated  cal- 
caceous  sand  dunes  which  rise  fairly  abruptly  from  tlie  flats  to  an 
elevation  of  from  500  to  700  feet.    On  the  rock  side  of  the  valley  the 
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land  rises  more  gradually,  the  surface  of  the  siu^.^  oeing  for  ihe 
most  part  covered  by  sand  and  iron  lateritic  gravels  with  oocasbnal 
outcrops  of  granite  interspersed  between  small  swampy  basins. 

A  number  of  bores  have  been  put  down  from  time  to  time  in 
this  valley  with  the  object  of  proving  supposed  coal  or  oil  deposits, 
but  in  every  instance  these,  after  passing  through  b«ds  of  drift 
sand,  ferruginous  sandstones  (coffee  rock),  and  in  some  instances 
seams  of  brown  coal  of  poor  quality,  encountered  crjrstalline  rocks 
at  depths  varying  from  50  to  150  feet.  This  proves  it  to  be  a  narrow 
granitic  trough  which  at  one  time  probably  formed  a  shallow  strait 
connecting  King  George's  Sound  with  the  sea  at  Torbay. 

This  strait  api)ears  in  the  course  of  time  to  have  silted  up  with 
material  brought  down  by  the  numerous  streams  which  drain  the 
country  to  the  northward,  assisted  by  the  direct  wash-off  from  the 
coastal  hills  to  the  southward,  and  to  a  c^»rtain  extent  by  sand  drifts 
wind-driven  over  these  hills. 

This  latter  is  evidenced  by  a  series  of  sand  ridges  which  traverse 
the  valley  at  right  angles,  thus  cutting  it  up  into  the  series  of 
swamp  basins  of  which  it  is  now  composed. 

This  ancient  strait  is  now  represented  by  a  series  of  salt-water 
mlets,  freshwater  lakes  or  lagoons,  and  swamps  which  commence  at 
the  eastern  end  with  Princess  Royal  Harbour  which  is  a  compara- 
tively shallow  inlet  open  to  King  George's  Sound.  Into  this  basin 
the  swampy  country  for  a  distance  of  three  miles  to  the  westward 
and  known  as  the  Robinson  Estate  is  drained,  no  engineering  diffi- 
culty being  experienced  owing  to  the  fact  that  the  distance  is  in- 
significant and  the  elevation  of  the  surface  sufTiciently  above  high 
water  to  obtain  a  fair  fall  in  the  drains.  Upon  the  western  edge  of 
this  area  the  main  valley  is  crossed  by  the  largest  of  the  sand  ridges 
before  referred  to,  which  forms  the  divide  or  water  parting  between 
it  and  the  low-lying  area  to  the  westward  in  which,  still  taking  them 
in  the  order  from  east  to  west,  lies  the  "Six  Mile"  swamp,  which  is 
again  divided  from  the  "Seven  Mile"  swamp  by  a  sand  spit. 

The  "Six  Mile"  swamp,  besides  the  run  off  from  the  surround- 
ing hills  and  numerous  springs  at  the  base  of  the  coastal  hills, 
originally  received  the  water  brought  down  by  the  "Six  Mile"  creek, 
and,  when  filled,  overflowed  at  the  lower  points  of  the  spit  into  the 
"Seven  Mile"  swamp,  which  latter  not  only  received  this  water  but 
also  that  brought  down  by  the  "Seven  Mile"  Creek.  Upon  the 
western  margin  of  the  "Seven  Mile"  Swamp  there  is  a  sand  bar  over 
the  lowest  parts  of  which  the  natural  drainage  flowed,  partly  into 
Lake  Grassniero,  but  mainly  down  a  natural  swampy  valley  which 
lies  between  this  lake  and  the  coastal  hills,  and  eventually  into  the 
Ronth-eastorn  area  of  Torbay  Tnlet. 

Lake  Grassmere  is  a  fine  sheet  of  fresh  water  which  is  fed  by 
the  Marbalup  Brook.  It  lies  upon  the  northern  side  of  the  main 
valley,  and  the  water  level  in  it  stands  at  some  few  feet  above  that 
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of  the  saltwater  of  the  inlet  from  which  it  was  divided  by  a  sand 
bank  over  which  it  discharged  in  time  of  flood. 

The  Torbay  Inlet,  which  is  salt,  consists  of  two  deep  basins 
ctinnected  by  a  narrow  neck  some  half-mile  in  length,  the  eastern- 
most of  whieh  extends  in  the  form  of  a  salt  creek  for  a  distance 
of  a  mile  in  an  easterly  direction  when  it  bifurcates,  one  branch 
running  for  a  short  distance  to  the  northward  being  apparently  the 
old  course  of  the  Marbalup  Brook,  and  one  to  the  eastw^ard  into  the 
swampy  valley  before  referred  to  which  lies  between  Lake  Grass- 
mere  and  the  coastal  hills. 

The  western  basin  of  Torbay  Inlet,  after  receiving  the  entire 
drainage  of  the  main  valley  referred  to  above,  su])plemented  ))y 
that  from  the  swampy  country  which  lies  between  the  coastal  hills 
and  the  main  plateau  for  a  distance  of  four  miles  to  the  westward, 
discharges  into  the  ocean  by  a  channel  some  half-mile  in  length  cut 
through  the  coastal  hills. 

The  embouchure  of  this  channel  is  closed  for  a  considerable 
portion  of  the  year  by  a  sand  bar  thrown  up  by  the  sea,  consequently 
all  drainage  and  flood  waters  are  impounded  within  these  basins 
until  such  time  as  it  rises  sutliciently  high  to  overflow  it,  or  until  an 
opening  is  artificially  formed,  when  the  scour  cuts  and  keeps  open 
a  deep  channel  until  the  Icjvel  of  the  enclosed  sheet  is  reduced  to 
that  of  the  ocean,  which  latter  then  begins  to  re-build  the  bar. 

The  portion  of  the  main  valley  which  drains  in  a  westerly 
direction  is  a  little  over  six  miles  in  length  and,  as  previously  stated, 
is  of  little  elevation,  a  considerable  area  being  only  two  feet  above 
high  water  level  (this  of  course  is  exclusive  of  those  deep  basins 
which  are  permanently  filled  with  w^ater),  consequently,  prior  to 
the  inauguration  of  a  drainage  system  all  these  low-lying  portions 
were  flooded  during  a  considerable  portion  of  the  year,  or  in  some 
instances  for  longer  periods  when  the  flood  waters  failed  to  cut  the 
bar. 

Artificial  Drainage  op  the  Area. 

After  reading  the  above  it  will  be  apparent  that  the  drainage 
of  the  low-lying  area  with  a  rainfall  of  somewhere  about  40  inches 
presents  a  fairly  difficult  problem,  for  given  only  a  fall  of  two  feet 
above  high-water  mark  in  the  lower  portions  of  the  area  and  of  oiily 
six  feet  in  the  same  above  dead  low  w^ater,  it  will  be  seen  that  the 
greatest  possible  fall  obtained  from  the  eastern  portion  of  this 
basin  (whieh  is  six  miles  from  the  outlet)  cannot  exceed  one  foot 
in  tl)€  mile. 

This  difliculty  is  further  augmented  by  the  trouble  experienced 
iij  keeping  the  outlet  open  to  the  ocean,  which  may  cause  the  water 
level  inside  the  inlet  to  rise  to  a  level  exceeding  that  of  ordinary 
high  water,  while  further,  an  extra  high  tide  accompanied  by  strong 
westerly  gales  may  bank  up  the  water  from  the  inlet  into  the  drains 
at  its  eastern  end,  thus  causing  flooding. 
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The  drainage  of  this  area  was  in  the  first  instance  undertaken 
by  the  Lands  and  Survey  Department,  and  a  main  drain  constnwted 
aUnVfX  the  north  side  of  the  ** Seven  Mile*'  Swamp,  then  southerK*  be- 
tween it  and  Cirassmere,  and  thence  down  the  valley  between  the 
lake  and  the  coastal  hills,  and  so  into  the  eastern  branch  of  the  inlet. 

At  a  later  date  this  district  was  proclaimed  a  drainage  area 
when  it  came  under  the  Water  Supply  Department,  which  changed 
the  system  by  constructing  a  drain  which  diverted  the  w^ter  of 
the  **Six  Mile''  creek  from  the  swamj>  of  that  name  and  conveyed 
it  directly  into  the  main  drain,  while  the  entire  volume  of  water  thus 
conveyed  was  discharged  direct  into  Grassmere  instead  of  being 
conveyed  round  it  by  the  old  drain.  A  new  discharge  was  then  put 
into  Grassmere  at  its  south-west  corner,  which  lowered  the  general 
level  of  that  lake  by  some  18  inches  or  two  feet.  Under  this  changed 
system  the  old  drain  which  followed  down  along  the  eastern  and 
southern  sides  of  Grassmere  was  devoted  exclusively  lo  the  drainage 
of  the  "Seven  Mile*'  swamp,  although  the  old  overflow  from  the 
lake  into  it  was  not  closed. 

From  the  above  it  will  be  seen  that  the  larger  volume  of  fresh 
water  brought  down  by  the  "Seven  Mile''  creek  was  diverted  from 
its  natural  course  over  the  swamp  of  the  same  name,  and  that  also 
the  overflow  of  the  "Six  Mile"  swamp  and  creek,  which  was  fresh, 
was  also  cut  off,  the  result  being  that  so  far  as  the  "Seven  Mile'* 
swamp  was  concerned  it  received  no  fresh  water  other  than  the 
actual  rainfall  within  the  basin,  and  a  limited  amount  of  drainage 
from  the  coastal  hills. 

Having  in  the  first  place  roughly  traversed  the  topography  of 
the  entire  basin  as  it  existed  prior  to  the  initiation  of  a  drainage 
system,  and  in  the  second  ])lace  by  the  alteration  made  in  the  direc- 
tion of  the  drainage  by  artificial  means,  the  following  portion  of 
this  rej>ort  will  be  confined  exclusively  to  the  causes,  effect,  and 
sng<rested  remedies  for  the  overcoming  of  the  disastrous  condition 
which  prevails  in  the  lowest  lying  area  of  the  "Seven  Mile"  swamp 
and  along  the  course  of  the  old  drain  which  connects  it  with  the 
inlet. 
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Effkct  of  the  drainage  upox  the  "Seven  Mh^e"  Swamp  and 

land  below  it. 

Tt  is  claimed,  and  there  are  no  grounds  for  doubt,  that  during 
the  early  years  that  this  swamj)  land  was  cultivated  the  soil  was 
very  productive;  now,  however,  the  lower  lying  portions  have  be- 
come so  highly  saturated  with  mineral  solutions  as  to  render  it 
])erfectly  infertile. 

It  is  further  contended  that  this  state  of  affairs  dated  back  to 
the  fii-st  year  of  the  completion  of  the  new  drainage  system  when, 
owing  to  an  excessive  rainfall,  so  large  a  volume  of  water  was 
brought   down   by  the  newly  excavated   drains  and   the  Marbalup 
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brook  into^  Grassmere  that  the  level  of  that  lake  was  so  materially 
raised  an  to  cause  it  to  discharge  by  its  old  outlet  under  what  is 
known  as  the  "Humj)ty-back"  bridge,  into  the  old  drain  which,  pre- 
sumably being  choked,  the  water  backed  up  in  the  ditches  and  thus 
flooded  the'**Seven  Mile"  swamp. 

As  the  newly  constructed  drain  connecting  the  "Six  Mile"  with 
the  **Seven  Mile"  creek  had  been  largely  excavated  through  what  is 
locally  known  as  "Coffee  rock"  (ferruginous  grit),  the  water  brought 
down  by  this  drain  contained  a  considerable  quantity  of  oxide  of 
iron  in  suspension;  and  since  the  point  at  which  the  main  drain 
discharged  into  Grassmere  was  not  far  distant  from  that  at  which 
llie  lake  connected  with  the  old  drain,  a  considerable  portion  of  this 
water  would  flow  back  in  this  direction,  the  consequence  being  that 
a  large  precipitation  of  this  ferruginous  matter  took  place  upon 
tliis  swamp,  thus  leaving  a  red-brown  incrustation  after  the  subsi- 
dence, and  this  it  is  claimed  was  the  primary  cause  of  the  damage. 

In  order  to  avoid  the  recurrence  of  this,  the  old  outlet  from 
the  lake  into  the  drain  was  closed  by  filling  it  in  at  the  point  at 
which  the  "Humpty-back"  bridge  formerly  crossed  it. 

From  this  date  onward  the  infertility  of  this  area  has,  it  is 
stated,  materially  increased ;  it  is  therefore  claimed  that  the  flood 
is  solely  responsible  for  bringing  about  this  condition  of  things  by 
bringing  down  mineral  solutions  of  a  poisonous  character  which 
has  utterly  ruined  large  tracts  of  this  area. 

With  the  object  of  solving  this  problem  a  careful  examination 
of  the  area  in  question  has  been  made,  all  available  evidence  obtain- 
able collected,  and  samples  of  soil  and  water  analysed  and  reported 
on  by  the  Mineralogist  and  Chemist,  whose  report  is  appended. 

From  the  report  it  wil  be  seen  that  the  whole  source  of  the 
trouble  can  be  directly  attributed  to  the  decomposition  of  p\rite 
which  is  present  in  soil  and  subsoil  of  the  swamp  itself  in  consider- 
able quantity;  but  in  order  to  determine  whether  or  no  the  water 
brought  down  from  the  higher  land  which  lies  to  the  northward 
would  assist  in  producing  a  detrimental  effect,  a  sample  of  water 
was  obtained  from  the  drain  and  tested,  but  this  proved  to  be  per- 
fect Iv  innocuous. 

It  therefore  becomes  clear  that  the  flooding  of  this  area  in  no 
ftay  contributed  to  the  poisoning  of  the  land,  while  the  phenomenon 
can  be  quite  simply  accounted  for  by  the  oxidation  of  the  iron 
pyrites  contained  in  the  soil  itself.  Pyrites  in  its  natural  state  is 
perfectly  innocuous  and  remains  so  so  long  as  it  is  kept  from  coming 
in  contact  with  the  air  or  any  oxidising  substance,  and  this  fact 
accounts  for  its  presence  in  much  larger  quantities  in  the  subsoil  as 
compared  with  that  in  the  soil  itself,  as  the  former  being  situated 
below  the  Avater  level  is  naturally  protected  from  the  air.  The  de- 
composition of  pyrites  is,  however,  brought  about  by  either,  or  more 
rapidly  by  both,  of  the  following  conditions:   firstly,  by  the  drainage 
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of  the  land  which  permits  the  access  of  the  air  into  the  soil.  an«l 
secondly,  hy  cultivation,  which  opens  up  ihe  soil,  thus  exposins:  the 
pyrites  to  the  atmosphere. 

In  the  course  of  decomposition  pyrite  forms  sulphate  of  iron 
which  is  commercially  known  as  copperas,  or  green  vitriol,  and  free 
sulphuric  acid,  either  of  w^hich  suhstances  in  considerahle  quantity 
renders  the  soil  unsuitable  for  the  support  of  vejretation. 

Having:  arrived  at  the  conclusion  that  the  source  of  the  trouble 
can  be  clearly  traced  to  the  soil  itself,  the  next  j>oiut  which  naturally 
requires  elucidation  is,  why  for  a  considerable  number  of  years 
should  it  have  been  possible  to  have  grown  fine  crops  on  this  lain! 
while  during  the  last  few  years,  or  since  the  flooding,  it  has  proved  t<^ 
be  sterile? 

Tn  considering  this  aspect  of  the  question  it  must  be  remenibere  1 
that  in  its  natural  condition  the  entire  drainage  of  the  country  lyinsr 
to  tlie  north  and  east  Hooded  over  the  'Seven  Mile"  swamp,  there- 
fore when  this  area  was  first  drained  and  cultivated  (his  large  voluuit" 
of  fresh  water  travelling  in  a  westerly  dirortion  would  '*:\rry  fi^^av 
each  year  large  quantities  of  the  acid  solul ions.  After  the  construction 
of  the  first  drain  which  cut  off  the  water  of  the  *'Seven  Mile"  creek 
a  certain  amount  of  this  scouring  out  would  cease,  but  still  it  di«l 
not  seem  to  have  aifected  the  fertilitv  of  the  land  to  auv  consider- 
able  extent  until  the  whole  system  was  completed,  after  which  »late. 
however,  no  fresh  water  other  than  the  direct  rainfall  was  available* 
for  the  removal  of  the  injurious  salts.  The  flooding  which  took 
place  in  tlie  same  year  that  the  drainage  system  was  completed 
would,  since  it  entered  the  drains  by  their  normal  out-flow,  have 
driven  back  the  accumulated  acid  solutions  instead  of  washinj*;  tbein 
out  had  the  flow  taken  its  orisrinal  direction. 

As  previously  stated,  this  flood  left  large  deposits  of  iron  oxule 
over  the  surface  after  the  w^ater  receded  which,  taken  in  conjunc- 
tion with  the  fact  from  this  date  onward  the  land  became  infertile, 
naturally  led  the  persons  whose  land  was  injured  to  assume  tl'at 
this  was  the  primary  cause  of  the  damage,  as  this  was  the  only 
visible  one.  The  fact  is,  however,  merely  a  coincidence,  since  tiie 
flood  immediately  followed  the  completion  of  the  drain  whicli 
diverted  the  direction  of  the  natural  flow  of  the  surface  water.  Tin' 
present  condition  of  the  '^Seven  Mile"  swamp  is,  that  it  is  an  isolate! 
basin  the  lowest  portions  of  which  are  only  two  feet  above  bisrl' 
water  and  six  feet  above  low,  situated  at  a  distance  of  six  mile? 
from  an  outlet  to  the  sea  which  is  closed  for  a  considerable  portion 
of  the  vear. 

« 

The  rainfall,  although  considerable,  is  responsible  for  addin: 
little  more  than  that  which  acriudly  falls  upon  the  area  when, 
after  allowing  for  eva])oralion,  it  naturally  follows  that  only  a  com- 
paratively limited  quantity  would  be  carried  off  by  the  drains,  while 
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the  water  remaining  in  them  after  the  main  rainfall  period  is  passed 
becomes  a  very  concentrated  mineral  solution. 

The  water  discharged  from  this  swamp  would,  therefore,  con- 
tain a  very  large  percentage  of  mineral  matter,  and  since  the  drain 
which  carries  it  oft  is  the  old  one  which  was  cut  by  the  Lands  De- 
partment  along  the  swampy  valley  which  lies  between  Grassmere 
and  the  coastal  hills,  this  naturally  becomes  filled  with  these  acid 
solutions  since  it  does  not  receive  any  ])orlion  of  the  fresli  w.iter 
from  the  main  drain;  consequently  when  the  water  level  of  the 
irdet  rises  after  the  first  heavy  rains,  this  water  is  forced  back  and 
floods  the  low-lying  areas,  thus  rendering  these  also  infertile. 


Summary. 

(1)  The  poisonous  mineral  solutions  in  the  soil  of  the  "Seven 
Mile'*  swamp  are  due  to  the  oxidation  of  the  iron  ])yrite  in  the 
soil  itself  owing  to  this  mineral  being  brought  in  contact  with  tlie 
air  bv  drainage  and  cultivation. 

(2)  So  long  as  a  large  volume  of  fresh  w^ater  traversed  the 
swamp  the  injurious  solutions  were  removed  as  rapidly  as  formed, 
but  that  this  removal  ceased  to  a  considerable  extent  w^hen  the  course 
of  the  natural  drainage  was  diverted. 

(3)  The  cau'^e  of  the  damage  to  the  swamp-land  lying  in 
the  valley  between  (rra*-'smere  and  the  coastal  hills  is  due  to  their 
Hooding  by  the  acid  solutions  drained  from  the  "Seven  Mile"  swamp. 


Remedies. 

There  are  only  two  remedies  for  the  prevailing  condition  of 
this,  namely,  drainage  and  limeing— the  former  of  which,  coming 
^viihin  the  province  of  the  engineer  controlling  the  drainage  areas, 
^vill  not  be  dealt  with  in  otlier  than  a  series  of  suggestions  the  fea.si- 
bihtv  of  which  must  be  left  for  thoKe  nualified  to  deal  with  them. 

1.  If  means  could  be  devised  whereby  an  outlet  to  the  sea  could 
be  kept  permanently  open,  with  flood-gates  to  prevent  the  inflow  of 
high  tides,  a  fair  natural  drainage  of  this  area  miglit  be  obtained. 

2.  Jf  a  series  of  high  level  channels  were  constructed  into  which 
the  mineral  water  in  the  low  level  ditches  could  be  pumped  by  wind 
or  other  })ower  similar  to  the  systiMii  adoj^ted  in  the  Fenlands  of 
Kngland  and  Holland. 

3.  If  a  main  canal  was  cut  soutli  across  the  swamp  from  the 
point  at  which  the  "Seven  Mile"  creek  crosses  the  railway  line,  from 
which  smaller  drains  were  cut  in  p.  w('->t«>rlv  directicm  in  a  similar 
manner  to  an  irrigation  system,  tlie  fresh  water  traversing  these 
would  in  the  course  of  its  passage  drive  before  it  and  thus  w^ash 
the  injurious  solutions  from  this  area. 
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4.  Limeing  without  drainage  would  be  impracticable,  since  the 
quantity  of  this  basic  mineral  required  to  neutralise  the  acid  in  the 
soil  waters  would  be  so  great  that  the  cost  would  make  it  pro- 
hibitive. 

Mr.  Simpson  recommends  the  application  of  burnt  lime  in  the 
first  place,  followed  by  ground  limestone  in  the  second.  Either  of 
these  would,  however,  be  costly  unless  permission  was  obtained  \o 
remove  stone  from  the  adjoining  Crown  lands,  when  kilns  and  a 
small  crushing  plant  could  be  erected  which  would  materially  reduce 
the  cost  and  thus  allow  of  a  liberal  application,  say  of  two 
tons  to  the  acre,  as  a  first  dressing  of  burnt  lime,  and  subse- 
quently one  ton  of  limestone  annually  until  the  acid  in  the  land 
was  overcome,  after  which  the  yearly  dressinjr  would  have  to 
be  governed  by  conditions. 

5.  It  must  further  be  remembered  that  the  trouble  is  due  to  the 
presence  of  the  acid  and  acid  salts,  therefore  the  application  of 
acid  phosphates  such  as  "Super"  are  only  adding  to  the  trouble: 
therefore  it  would  be  advisable  to  substitute  this  by  any  of  the  fol- 
lowing: Thomas^  Basic  Slag,  Bone  Dust,  Abrolhos  Guano  or  Grouinl 
Rock  Phosphate;  the  latter  for  preference,  since  it  is  guaranteed  to 
contain  84  per  cent,  of  phosphate  of  lime,  and  in  consequence  would 
go  from  two  to  three  times  as  far  as  the  others,  while  the  free  sul- 
phuric  acid  in  the  soil  would  render  the  phosphoric  oxide  available, 
in  fact  convert  it  into  super. 

Conclusion. 

This  acid  poison  after  drainage  of  lands  is  of  quite  common 
occurrence,  in  fact  is  to  be  ex})ected;  but  sine€  in  the  majority  ot 
cases  the  natural  character  of  the  country  lends  itself  to  the  arti- 
ficial drainage,  these  injurious  solutions  can  be  removed  as  raj)idly 
as  they  are  formed,  consequently  no  injurious  effects  are  experi- 
enced. Here,  however,  the  natural  gradient  of  the  surface  and  oiher 
causes  stand  in  the  way  of  a  simj)le  drainage  system,  and  reduce  it 
to  a  more  or  less  complicated  engineering  problem,  which,  liowever, 
there  is  little  doubt  will  be  overcome. 
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Sore  AND  Water  from  Gbassmbrr  District. 

naUe  a  ptolimioary  examin&tion  ot  the  Boila  *nd  water  from  the 
iatrict,  collected  by  Irupector  Vaughan.  Tho  soila  aro  said  to 
eviously  fertile,  but  to  have  recently  become  barren. 
er  p^o^'e«  to  bo  etroogty  acid  and  (o  contain  in  solution  abundant 
I  chlorides  of  aluminum,  iron,  lime,  magnesium  and  alkalies.  Such 
in  amall  quantitiea,  would  have  a  fatal  effect  upon  any  vegetation 
lad  BOcesB.  On  exposure  to  air  it  would  alowly  deposit  a  rusty 
id  sucb  as  that  referred  to  by  Mr.  Vaughan. 

e  soils  are  peaty  swamp  soils,  strongly  acid  in  reaction.  Those 
€e  and  bottom  of  the  drain  are  impregnated  with  pyrites  and 
;  salts  (sulphates  and  chlorides)  of  aluminum,  lime  and  mag- 
at  from  the  top  appears  to  be  free  from  pyrites  and  to  contain 
r  quantities  of  soluble  salts.  Such  strongly  aoid  and  saline  soil 
isaibly  support  vegetation  of  any  kind. 

■r  of  the  trouble  is  that  the  soil  in  these  swamps,  like  those  in  the 
xi  of  Perth,  contain  a  considerable  (luantity  of  finely  divided 
bide  of  iron)  below  the  level  to  which  air  penetrates  into  the  soil 
il  undrainod  conditions,  say  two  feet  down.  When  the  water 
rod  by  drainage  the  pyril«B  is  subjected  to  the  action  ot  the  air, 
rts  it  into  a  mixture  of  iron  sulphate  and  sulphuric  acid,  both  of 
impletely  destructive  to  vegetation. 

To  ensure  rapid  removal  of  the  water  from  the  soil  and  surround' 
ing  drains  and  to  refrain  from  returning  to  the  ground  any 
water  from  the  drains  ; 

To  dress  the  surface  of  tho  soil  heavily  with  burnt  lime  at  HrHt 
and  with  ground  Umeatune  later  ; 

To  use  basic  fertilisers  and  never  aoid  ones  such  as  auperphos- 
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65.— THE    DEEP    LEAD     AT     DARLOT— EAST    MURCHISON 

GOLDFIELD. 


By  J.  T.  JuTSOX. 

(Witli  three  Figuros.  o,  0,  and  7  ) 

The  workinos  pertainiiiji*  to  this  deep  lead  are  situated  ahoiii 
three  miles  to  the  north-west  of  Darlot  (Woodarra),  on  Prosi)e(*tinir 
Area  ()47,  which  is  held  by  the  Darlot  Deep  Lead  Syndicate  (Metzkt- 
and  jiarty)    (Fijr.  5).     The  country  is  quite  flat  in  the  immediate 

Fig.  5. 
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Locality  Plan    showing:    approximate    position  of  Darlot 

Deep  Lead  Workings. 

vicinity  of  the  workiiiiis,  but  some  ridires  and  hills  occur.  ralluT 
short  distances  away,  part  of  the  drainage  of  whi<»h  passes  on  to 
the  flat.    This  flat  is  covered  })V  detrital  laterite  and  clav.  and  tlun' 
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are  no  outcrops  of  any  rocks,  but  from  the  nature  of  the  surface 
material,  the  chief  rock  api>ears  to  be  greenstone.  Granite  was 
stated  to  occur  in  various  directions  from  the  prospecting  area,  but 
none  occurred  (it  was  said)  nearer  than  about  five  miles. 

The  Workings  on  this  prospecting  area  at  the  time  of  my  visit 
are  shown  on  the  accompanying  i)Ian    (Fig.  6).*     They  consist  of 

Fig.  (3. 
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Sketeh   Plan    of    the    Workings  P. A.  647, 
Darlot  Deep  Lead. 

a  main  vertical  shaft  72  feet  deej),  from  which  all  the  "driving''  and 
"t-ross-ciitting"  have  at  present  been  done.  From  the  bottom  of 
tlie  shaft  there  is  a  drive  (the  "north  drive")  north  for  50  feet.  At 
i'>  feot  from  the  sliaft,  a  crosscut  west  has  been  made  for  18  feet. 
^>oni  the  sliaft  a  curving  crosscut  east  has  been  made  for  \\%  feet. 
^•»nth  from  the  shaft  there  is  a  drive  (the  "south  drive")  for 
••■)  feet.  At  ()8  feet  from  the  shaft  a  crosscut  west  for  10  feet  and  a 
<rossPut  east  for  eight  feet  liave  been  put  in  from  this  drive. 

At  a  distance  of  74  feet  in  a  direction  about  S.  ISdeg.  E.  from 
the  main  shaft  another  vertical  shaft  was  being  sunk,  and  had 
reached  a  depth  of  27  feet.  It  is  the  intention  of  the  owners  to 
<'ontinue  tliis  shaft  to  tlie  bottom  of  the  wash,  and  then  to  connect 
^vith  the  east  crosscut  from  the  south  drive  of  the  main  sliaft.     That 


1  This  plan  is  based  on  that  prepare-l  by  Mr.  H.  Colbrnn,  Inspoptor  of  Minen,  with 
•ome  slight  additions,  briniring  the  work  done  up  to  the  2Sth  September,  1913  (the  date 
of  the  present  writer's  insi>ection). 


having  been  done  it  is  then  proposed  to  take  out  abou 
tons  of  the  wash  for  the  jmrpose  of  a  trial  crushins'. 
for  sinking  the  second  shaft  and  making  the  proposed 
ia  that  the  wnter  in  the  south  drive  and  crosBi-iits  makt 
o£  extraction  and  haulage  too  difficult.  It  is  believed  Ihi 
ing  of  the  second  shaft  will  mneh  facilitate  this  work. 

The  drives  and  crosscuts  are  only  about  4  feet  or  4  f 
high,  and  about  3  feet  broad.  Tbey  have  been  limber 
extent,  this  being  absolutely  necessary  on  aceour.l  of  tl 
nature  of  the  ground. 

The  low  height  and  small  width  of  the  drives  an< 
eorabined  with  the  fact  that  the  water  was  at  times  knee- 
the  examination  of  the  ground  difficult. 

As  far  as  could  be  seen  descending  the  main  shaft 
(he  material  through  which  this  shaft  bad  been  cut  cot 
the  surface  of  several  feet  of  detrital  laterite,  aiTangei 
liorizontal  layers  and  cemented  by  oxide  of  iron.  Belot 
were  iron-stained  clays,  with  bands  and  irregular  patcl 
stone  pebbles,  and  near  the  bottom  a  few  small  quart; 
were  seen.  The  whole  of  the  material  may  be  described 
in  the  sense  that  it  has  not  resulted  from  the  decomposit 
in  situ,  but  there  is  little  evidence  of  much  transjtort  of 
component  parts,  and  this  desj)ite  the  fact  that  many  ( 
stone  pebbles  are  roimded;  for  such  rounding  (for  s( 
at  least)  is  probably  due  to  concretionary  action  before 
readied  their  present  positions. 

Along  the  north  drive,  the  west  crosscut  from  thai 
crosscut  east  from  tlie  main  shaft,  and  the  south 
more  than  50  feet,  the  material  is  miicli  alike.  It  is  imd 
detrital  origin  and  consists  principally  of  iron-stained 
ironstone  pebbles  from  one  quarter  of  an  inch  to  thi 
inches  in  diameter  and  frequently  rounded,  such  rouii 
portly  due  to  attrition,  and  partly  to  concretioni 
Scattered  through  these  deposits  is  an  occasional  fi 
quarts,  sometimes  angular  and  sometimes  well  rounded. 
was  informed  that  these  iron-bearing  deposits,  as  It 
termed,  carried  traces  of  geld,  but  were  regarded  as 
Throughout  the  portions  .just  deserihed,  no  undoubted  be 
l>e  seen.  The  iron-bearing  deposits  [iractieally  occupy 
height  of  the  drives  and  crosscuts,  but  in  places  a  white  i 
free  from  coarse  detritus,  c<)uld  he  =eeii  aho\-e. 

In  the  east  and  west  crosscuts  of  the  south  drive, 
latter  south  of  the  crosscuts  and  for  about  12  feet  ni 
crosscuts,  (he  wasli  is  different  from  that  hitherto  descri 
distinct  bands  can  be  seen  (Fig.  7).  On  a  level  with 
the  workings  a  white  very  "puggy"  clay  occurs,  which 
contain  scarcely  any  grains  or  fragments  of  quartz,  it 
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other  material,  being  practically  homogeneous,  with  numerous  small 
irregular  planes,  which  are  smoothed  and  strinled,  and  which  thus 
prove  that  considerable  local  movement  must  have  taken  place  in 

Fig.  7. 
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Bed  Rock. 

(qANotv  CjUarvfbrcujB  'urojsh^.composut  of  whxtt,  claif 
CuLnvoS^  f^cc  "from,  qraxjxs  or  freupnenti  ofQwcatt. 
trxmstarie, ,  or  other  dOntaL'  rnatUr 

(b^Auriferous  wushf.canriposat  of  wkcUtt  cUiy   ivtt/i. 

ntrmerau6  azigular,  cvut  scUxxnguLdr  frcuqrYvcrvbs  of 
qVLorbf..  OjrvdL  same   qf  irortston^     77t^  frcugrnjcnts 
veuy  iru  sizr  from,  a  graxjti,  to  3  or  j  uiches  in. 
duvrvder 
{^) Auriferous  washu.  corrnposcd,  ofwhUc  clay.cLruL 
chcefU^  grairu  of  qvuirtz.  .  Jya*^  iar^e  d.drUaL 
frctqyruavts^ 

Section  of  Auriferous  Wash,  4rt.  6in.  thick,  in  East  Cross- 
cut of  South  Drive,  P.A.  647,  Darlot  Deep  Lead. 

the  mass/  It  was  stated  that  this  material  practically  carried  no 
gold.  Below  this,  and  separated  by  a  sliarp  line  was  similar  white 
clay,  but  mixed  with  it  was  an  abundance  of  fragmental  (juartz. 
These  fragments  varied  in  size  from  flattish  pieces  about  four  inches 

1  This  i«  bIbo  shown  by  the  fact  that  some  of  the  soft  earthy  pebbles  of  the  coarse 
wash  have  been  planed  and  striated. 
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in  diameter  to  grains  about  the  size  of  a  pin's  head.  Both  the  small 
jrrains  and  fragments  np  to  about  one  and  a-half  inches  in  size  were 
common.  The  large  pieces  of  quartz  were  generally  quite  aqgular, 
but  at  times  were  slightly  rounded  at  the  corners.  The  small  grains 
were  also  angular,  but  the  most  numerous  pieces  (from  a  quafter-inch 
to  about  one  and  a-half  inches  in  size)  were  oft^n  sub-angular,  and 
partly  rounded.  Here  and  there  an  extremely  rounded  small  pebble 
occurred,  and  a  fair  number  of  similar  ones  (which  had  been  picked 
out  from  time  to  time  by  the  owners)  were  shown  to  the  writer. 
Taken  as  a  whole,  however,  the  fragments  were  angular  and  sub- 
angular.  They  showed  some  evidence  of  attrition,  but  the  majority 
of  the  fragments  must  have  travelled  but  a  comparatively  short 
distance.  The  extremely  rounded  forms  may  be  regarded  as  form- 
ing a  small  minority  of  the  whole,  and  the  contrast  between  these 
and  the  more  numerous  fragments  is  so  great  that  it  is  quite  pos- 
sible that  these  very  rounded  pebbles  belong  to  a  pre-existing  gravel 
deposit,  and  have  since  been  incorporated  with  the  more  modem 
deposits  of  the  present  deep  lead.*  In  the  wash  were  also  some 
rounded  ironstone  nodules  from  a  quarter-inch  to  two  inches  in  dia- 
meter. Some  of  these  are  probably  of  concretionary  origin  before 
inclusion  in  the  deposit.  There  were  also  some  few  rounded  soft 
pebbles  of  a  decomposed  rock,  apparently  a  greenstone. 

This  coarse-grained  deposit  would  average  between  two  and 
two  and  a-half  feet  in  thickness.  It  passed  irregularly  and  gradu- 
ally into  an  underlying  deposit,  which  is  generally  from  18  inches 
to  two  feet  in  thickness  (so  far  as  seen,  and  this  is  probably  correct, 
but  neither  its  lower  margin  nor  the  bedrock  was  visible  on  account 
of  the  water,  and  of  the  floor  being  covered  with  wash  from  the  walls 
of  the  drives  and  crosscuts).  This  last-mentioned  deposit  consists 
of  the  same  "puggy"  white  clay,  with  the  larger  fragments  of  quartz 
and  ironstone  generally  absent,  but  jtmall  quartz  grains  were  fairly 
numerous.  Both  the  coarse  and  the  iine  wash  were  stated  to  carry 
gold,  but  the  fine  wash  was  regarded  as  being  the  richer. 

Going  north  along  the  south  drive  from  the  crosscuts  the  white 
quartzose  wash  appeared  to  gradually  pass  into  the  iron-bearing 
deposits  already  described,  at  a  distance  of  about  12  feet  from  the 
crosscuts.  Going  south  the  coarse  band  loses  its  identity,  and  is 
a])parently  dying  out,  but  the  fine  band  is  maintained,  although  the 
gold  was  said  to  be  becoming  scarcer.  The  coarse  material  also 
appears  to  be  dwindling  in  the  west  crosscut. 

No  cross-bedding  or  stratification  bands  (other  than  the  coarse 
and  fine  ones  mentioned)  were  noticed  in  the  quartzose  deposits.  As 
far  as  could  be  ol)served,  they  appealed  to  have  a  slight  fall  to  the 
south-west,  but   this  is  not  too  certain. 

In  the  south  drive,  near  the  junction  of  the  crosscuts,  two 
granitic  boulders,  somewhat  rounded,  and  being  about  9  and  5  inches 

2  If  this  be  so,  some  of  the  gold  may  also  be  of  similar  ori^n. 
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respectively  in  length,  were  noticed  on  the  floor  of  the  drive.  The 
writer  was  informed  that  they  occurred  at  the  bottom  of  the  wash, 
and  presumably  on  the  bedrock.  This  jrranitic  rock  [13295]  has 
been  examined  by  the  Petroloj?ist,  who  describes  it  as  a  very  f els- 
pat  hie  facies  of  a  fine-grained  granite  or  porphyrite,  with  actinolite, 
and  deficient  in  quartz.  The  occurrence  of  these  boulders  is  curious, 
as  no  granite  is  seen  on  Hie  surface  for  some  miles  around.  It  is 
evident  that  granite,  perhaps  as  a  dyke,  must  be  close  to  the  surface 
in  the  neighbourhood  of  the  deep  lead;  and  it  may  be  largely  re- 
sponsible for  the  small  quartz  grains  and  the  kaolinic-looking  clay 
forming  such  a  feature  of  the  detrital  deposits. 

Another  interesting  point  is  that,  in  the  south  drive,  south  of 
the  crosscuts,  a  "bar"  of  hard  rock,  about  three  inches  in  width,  was 
stated  to  cross  the  drive,  and  to  project  above  the  decomposed  bed- 
rock for  about  a  foot  in  height.  This  "bar"  was  unable  to  be  seen, 
but  a  specimen  of  it  was  handed  to  the  writer.  If  it  occur  as  stated. 
it  is  probably  a  small  dyke,  which  has  resisted  erosion  more  than 
the  adjacent  rocks.    It  also  shows  that  the  bedrock  has  been  reached. 

This  rock  [13297]  has  also  been  examined  by  the  Petrologist, 
who  points  out  that,  although  quartz  is  conspicuously  absent,  there 
is  a  close  resemblance  to  [13295]  and  suggests  that  they  may  be 
genetically  connected,  [13295]  being  slightly  more  acid  than  [13297]. 
Tlie  latter,  he  states,  has  some  similarities  to  the  non-porphyritic 
phases  of  the  albite-porphyrites,  and  it  may  therefore  be  regarded 
as  a  felspathic  facies  of  a  j?ranite  with  actinolitie  hornblende,  .;r  as  a 
very  felspathic  phase  of  an  amphibolite;  more  probably  the  former. 

The  field  and  microscopic  evidence  therefore  suggests  that 
[13297]  is  a  small  dyke  cutting  through  the  bedrock  of  the  lead,  and 
that  the  boulders  of  [13295]  are  probably  derived  from  a  different 
I)hase  of  the  same  or  another  similar  dyke. 

Several  dishes  of  the  quartzose  deposit  were  washed  and  mostly 
gave  fair  prospects  of  gold,  the  latter  being  coarse  as  well  as  fine. 
Several  quartz  fragments  containing  free  gold  were  shown  to  the 
writer,  and  they  were  reported  to  have  come  from  the  quartzose 
deposit. 

The  second  shaft  that  was  being  sunk  contained  material  gen- 
erally similar  to  that  of  the  main  shaft,  but  no  quartz  fragments 
were  noticed.     Irregular  bands  and  patches  of  gypsum  occur. 

A  few  vards  to  the  east  of  the  shafts  mentioned  are  several  old 
shafts  (now  inaccessible)  which  w^ere  apparently  sunk  to  work  the 
deep  lead,  but  from  w-hich  payable  wash  had  not  evidently  been 
obtained.  The  material  thrown  out  was  much  akin  to  that  which 
has  been  described  above  as  the  iron-bearing  deposits. 

Taking  all  the  facts  into  consideration,  it  may  be  stated  that 
a  true  auriferous  detrital  deposit  occurs,  which  in  accordance  with 
the  usage  in  Western  Australia  may  be  described  as  a  deep  lead. 
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The  extent,  thickness  and  direction  (except  possibly  to  the  south- 
west as  to  direction)  cannot  be  given,  as  insufficient  work  has  yet 
been  done,  and  the  surface  throws  absolutely  no  light  on  these 
questions.  The  old  workings  and  most  of  the  present  ones  are 
probably  not  in  payable  ground,  but  the  quartzose  deposit  (which 
was  discovered  by  careful,  economical,  underground  prospecting) 
undoubtedly  carries  some  gold,  but  whether  payable  or  not  will 
probably  only  be  determined  satisfactorily  after  40  or  50  tons  have 
been  crushed,  such  crushing  being  advisable  in  consequence  of  the 
lieavy  wash  in  places,  and  the  hard  nature  of  some  of  its  components. 
The  prospects  appear  to  be  sufficiently  good  to  further  prosecute 
the  work,  to  enable  this  trial  crushiiTg  to  be  made.  This  further 
work  may  also  demonstrate  whether  the  quartzose  deposit  is  a  mere 
"pocket"  (as  to  some  extent  appears  probable),  or  whether  it  re- 
presents a  portion  of  an  ancient  well  defined  stream-bed  deposit. 
At  present  no  distinct  "gutter''  can  be  said  to  have  been  located. 

3rd  October,  1913. 


PORTED  OCCURRENCE    OF    OIL    NEAR   WONNERUP 
—SOUTH-WEST    DIVISION. 


By  E.  DE  r.  Clarke  and  H,  P.  Woodward. 


— Sitaation,  topography — E.  de  C.  Clarke 

"  Indications  " — E.  de  C.  Clarke     . , 
ridenoe  as  to  the  Possibility  of  the  oocurrenoe  of  Oil  in 

irhood— E,  de  C.  Clarke         

jllecting  Samples — E.  de  C.  Clarke  . . 

sampleg  of  gopposod  Petroleum- bearing  earths  and  » 
innerap — E.  R.  Simpson 
iver  Prospecting  Area — H,  P.  Woodward 


Inthoductohy. 

1st  and  June  Ist  and  and,  1915,  were  occupied  in  travel- 
exainining  the  neiglibourliood  of  Block  GS7,  near  Won- 
re  indications  of  petroleum  were  reported  to  occur. 
8li7  {see  Plate  V.)  is  about  four  miles  in  an  east-sonth- 
on  from  Wonnerup  Junction,  which  is  sis  miles  from 
md  143  miles  from  Perth.  It  lies  on  the  Coastal  Plain 
:h-West,  which  is  described  by  Messrs.  Saint-Smith'  and 
Vhere  uncultivated,  the  surrounding  district  is  forest- 
derin^  on  the  block,  however,  is  a  treeless  area  of  about 
miles,  covered  only  with  stunted  vegetation.  The  Abba 
[>anderiDg  watercourse,  discharging  into  the  Vasse  Eslu- 
crosB  the  block  in  a  no rtli- westerly  direction,  but  has  no 
"se  in  the  part  with  which  this  report  deals. 

Chabacter   of   "Indications." 
irtion  of  Block  &S7  from   which  the  most  pronounced 
"  are  reported,  was,  until  cleared  by  the  owners,  covered 
dinary  forest.     The  surface  is  almost  level  with  the  ex- 
i  low  mound,  known  as  "the  Bank."  which  rises  about  six 
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feet  above  the  surrounding  plain,  and,  running  in  a  general  north- 
wt'st  and  south-east  direction  for  about  18  chains,  passes  gradually 
at  both  ends  into  the  general  plain  (see  Plate  VI.).  There  is  no  evi- 
dence that  the  ^'Bank*'  marks  an  anticline  or  any  other  geological 
feature  of  importance.  About  20  chains  awaj^  from  the  farm- 
house is  another  slight  elevation  occupied  by  a  clump  of  trees  and 
marking  an  occurrence  of  'ironstone"  (ferruginous  laterite), 
which  also  is  of  no  significance  for  the  purpose  of  this  report. 

Unfortunately,  at  the  time  when  the  visit  of  a  geologist  was 
requested,  the  "indications"  had  been  almost  entirely  dispersetl  by 
heavy  rains.  Iridescent  scums  were  pointed  out  to  the  writer  on 
some  of  the  pools  occupying  the  course  of  the  Abba  River,  near 
Woniierup,  and  also  on  the  wells  near  the  farmhouse.  Some  were 
apparently  mobile,  but  did  not,  when  disturbed,  give  the  "roundefl, 
curved  or  convoluted  figures"  of  undoubted  oil  films.  Others  were 
iron    oxide   films. 

As  no  promising  surface  indications  were  to  be  seen  at  the 
time  of  the  writer's  visit,  the  following  summary  of  the  "indica- 
tions" obsen'ed  bv  the  owners  mav  be  of  some  interest: — 

"Indications"  were  first  noticed  about  the  end  of  1910,  when, 
on  sinking  well  No.  1  (see  Plate  YI.)  to  a  depth  of  about  11  feet,  a 
strt)ng  'smell  of  kerosene'  was  noticed.  The  water  could  scarcely 
l)e  drunk  either  by  man  or  beast.  When  a  well  is  first  sunk  in 
new  ground,  the  water  often  improves  with  baling,  but  this  im- 
l)rovement  did  not  take  j)lace  in  Well  No.  1.  Sometimes  the  water 
would  be  covered  with  a  sheet  of  oil  so  thick  that  a  pint  could  have 
easily  been  collected.  Moreover,  oily  drops,  as  much  as  one  inch  in 
diameter,  would  often  be  seen  floating  on  the  water.  If  toucheil 
these  dro];s  would  break  up  and  form  either  an  iridescent  scum  or 
chains  of  minute  globules  and  at  the  same  time  a  shower  of  -'no 
red  dust  would  sink  to  the  bottom. 

The  best  "indications"  are  seen  during  the  hot  weather  from 
December  to  March.  The  winter  rains  almost  completely  disperse 
them.  However,  between  Julv  and  November  of  each  year  oil  films 
occur  on  all  the  puddles  over  the  area  under  discussion. 

The  absence  of  trees  from  the  area  near  Block  687  is  thouglit 
lo  be  due  to  the  evil  influence  on  plant  life  of  petroleum  and  acconi- 
jjanying  saline  exudations. 

The  writer  wishes  to  make  clear  that,  while  he  is  not  responsible 
for  any  of  the  observations  in  the  last  three  parajjraphs,  he  believes 
that  they  were  recounted  to  him  in  all  good  faith.  It  is  true  that 
chemical  investigations  have  failed  to  reveal  any  trace  of  petroleum 
in  strata  from  these  wells,  but  it  has  frequently  happened  in  many 
parts  of  the  world  that  disagreeable  tastes  and  smells  in  water 
draining  swamj)y  ground  have  been  mistaken  for  the  taste  or  smell 
of  "kerosene." 
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Geological  Evidence  as  to  the  Possibility  of  the  Occurrence 

OP  Oil  in  the  Neighbourhood. 

As  will  be  clear  from  Section  1,  the  area  dealt  with  in  this 
rcjiort  is  devoid  of  geological  evidence  as  to  the  possibility  or  other- 
wise of  the  finding  of  oil.  Regarding  the  whole  surrounding  dis- 
trict, moreover,  the  geological  facts  of  value  in  tliis  connection  are 
wvy  few.  In  Saint-Smith's  report  *  the  neighbourhood  of  Block 
(>S7  is  shown  to  be  underlain  by  recent  and  post-tertiary  sand, 
clay,  and  gravel  to  a  depth  of  one  or  tw^o  hundred  feet,  beneath 
wliieli  come  oOO  feet  of  doubtfully  mesozoic  rocks— the  Donnybrook 
Reds — but  the  thicknesses  of  the  resiiective  series  are  largely  con- 
jectural. Tnderlying  the  Donnybrook  Beds  is  granite,  from  whicii 
of  course  no  petroleum  can  be  obtained. 

Fig.  8. 
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Generalised  logs  of  bores  in  tlie  neiglibourhood  of  Busselton. 

According  to  one  widely  accepted  theory,  petroleum  and 
kindred  substances  originate  most  frequently,  if  not  always,  from 
the  natural  distillation  of  coaly  matter.  In  support  of  this  theory 
it  is  frequently  found  that  the  strata  of  a  proved  oil-bearing  locality 


1.    Loe.  eit.,  Plate  II. 
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are  devoid  of  coal  seams,  whereas  if  the  same  beds  are  examined  in 
a  neighbouring  area  where  barren  of  oil  they  will  prove  to  contain 
coal  seams  or  other  traces  of  vegetable  matter. 

Plate  V.  shows  the  position  of  certain  bores  put  down  some  years 
ago  in  this  district  in  search  of  coal.  A  simplified  diagram  showini; 
the  strata  passed  through  in  three  of  these  bores  is  also  given  (Fig. 
8).  It  will  be  seen  that  in  each  bore  thin  seams  of  coal  were  cut. 
but  no  trace  of  oil  or  gas  was  recorded. 

Again,  it  is  known  that  coal  occurs  in  the  Donnybrook  Beds 
further  east.'  It  is,  therefore,  rather  unlikely  that  in  or  near  Block 
087  those  coal  seams  which  exist  unaltered  both  to  the  east  and  t'> 
the  west  will  have  been  changed  to  petrolaceous  substances. 

Beds  of  the  same  character  and  probably  of  the  same  age  occur 
in  the  Blackwood  River  District,  and  despite  a  good  deal  of  effort 
have  not  been  proved  to  be  oil  bearing." 

Summarising:  geological  evidence  as  to  the  possibilities  of  oil 
occurring  in  or  near  Block  687  is,  in  the  absence  of  outcrops  and 
of  bores  in  the  immediate  neighbourhood,  very  scanty.  What  littl*^ 
there  is  is  unfavourable. 

Method  of  collecting  Samples. 
The  collecting  from  the  most  favourable  localities  of  fiesh,  re- 
liable samples  for  analysis  was  undertaken.  A  new  well  (No.  4  on 
Plate  VI,)  was  dug  by  the  owners  to  a  depth  of  11  feet ;  a  hole  was 
bored  by  hand  to  a  further  depth  of  11  feet.  Samples  of  the  ma- 
terial sunk  and  bored  through  were  taken.  A  bore  was  also  put 
down  from  the  bottom  of  No.  1  well  a  further  11  feet  and  the  bor- 
ings kept.    The  strata  passed  through  are  noted  on  inset  Plate  VI.' 

If  oil  is  sufTiciently  abundant  in  these  beds  to  exude  in  summer 
time  to  the  extent  reported  in  Section  2,  we  should  expect  that  tho 
piercing  of  hitherto  untouched  strata  would,  even  in  winter,  liberate 
a  noticeable  amount,  more  particularly  as  the  clay  passed  throni:li 
in  both  bores  was  well  suited  to  prevent  the  escape  of  oil  and  so 
would  presumably  have  kept  considerable  quantities  sealed  up. 

After  12  hours  the  water  which  had  collected  in  Well  No.  ^ 
showed  such  a  very  slight  film  that  no  satisfactory  sample  could  have 
been  taken.  The  owners,  however,  after  allowing  the  material  to 
accumulate  for  some  days,  obtained  the  sample  of  water  which  is 
reported  on  below. 

Portions  of  a  sample  of  sand  and  clay  from  Well  No.  2  lia'^ 
been  treated  by  Mr.  M.  A.  Browne,  at  Ravensthorpe,  and  had 
yielded  an  appreciable  amount  of  a  substance  which  appeared  to  be 
a  hydrocarbon.  Mr.  Browne  records,  however,  that  the  sample  luid 
been  moistened  with  water  from  No.  1  Well,  on  which  oil  wa;*  said 
to  have  been  floating  at  the  time.     Through  the  kindness  of  y^^- 

1.  G.S.W.A.  Bull.  44.    p.  2.'),  ef  seq. 

2.  G.S.W.A.  Bull.  65. 

3.  Scale  of  liwot  nhotild  bo  20ft.  to  llii. 
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Browne  the  balance  of  this  sample  was  secured  for  further  examina- 
tion and  is  referred  to  in  Mr.  Simpson's  report  as  "Browne's 
Sample." 

In  conclusion,  I  wish  to  record  ray  thanks  to  the  owners  of 
Block  687  for  their  courtesy  and  ready  help  both  in  giving  informa- 
tion and  in  carrying  through  the  re-sampling  of  the  supposed  oil- 
bearing  rocks. 

12th  July,  1915. 


Tlic  samples  Bubmittpd  consUUsd  of  live  lots  of  vet  «and  aiii 

from  shallow  depths  and  a  sample  of  water  from  a  well  sunk  in  tl 

Thoro  wL'rc  no  viaible  indicatiuna  of  potroleum-reBiduea  in 

Since  liquiU  petroleum  conaistt  largely  of  oils  which  are  v< 
air  at  the  ordinary  ground  t(^mperatiite«  reached  in  the  day  time  in 
it  is  highly  improbable  that  any  lii)uid  petroleum  should  exist  ii 
porous  earths  obtained  so  near  to  the  Burtace.  Had  petroleum 
however,  penetrated  into  this  earth,  it  would  hnve  left  behind  i 
of  those  typical  non-volatile  residuals,  paraflin  wax  or  asphalti 
monts  were  therefore  mode  with  a  view  tn  eitractintc  any  such 
determining  its  nature  and  amount.  Quantities  of  earth  were  tab 
one  part  per  million  of  anphaltum  or  parellin  wax  might  be  ritcogiii 
common  solvents  were  available  for  extraction,  vix.,  carbon  bisul 
and  petroleum  spirit.  Paraliin  wa<<  and  liquid  petroleum  are  coi 
readily  soluble  in  all  three,  asphattum  is  completely  soluble  in  i 
phide,  whilst  ether  and  petroleum  spirit  dissolve  from  10  to  100 
weight  of  this  Bubatance.  At  the  same  time  it  is  to  be  rcmemb 
three  are  powerful  organic  solvents  capable  of  dissolving  many  oil 
other  substances  of  vegetable  and  animal  origin,  such  as  have  bei 
c.iisl  in  many  soils. 

For  various  reasons  carbon  bisulphide  was  not  used  as  a  sol 
five  earths  were  extracted  by  both  ether  and  petroleum  spirit, 
tracts  evaporate<l  at  room  temperatures  to  recover  any  dissol 
No  trace  of  petroleum  or  either  of  its  typical  residuala  was  found  i 
live  earths.  The  live  samples  tested  were  marked  51((c,  SlTc. 
and  "  Browne's  sample."  The  last  named  enclosed  in  its  midst  : 
irhieh  may  or  may  not  at  some  time  have  come  in  contact  with 
or  animal  oil 

No  indication  of  petroleum  Or  petroleum  residues  could  be 
the  water  sample,  which,  however,  was  greatly  contaminated  1 
dying  animal  and  vegetable  matter. 
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THE  ABBA   RIVER    OJL   PROSPECTING  AREA— SOUT& 

WEST  DIVISION. 

This  area,  which  covers  3,000  acres,  is  situated  upon  the  coastal 
plain  about  four  miles  south-east  of  Wonnerup  and  about  eight 
miles  east  of  Busselton. 

The  coastal  plain  in  this  locality  is  nine  miles  in  width,  running 
in  a  north-east  and  south-westerly  direction,  being  bounded  on  the 
north-west  by  the  sea  and  the  south-east  by  the  laterite-covered 
acarj)  which  extends  from  the  Collie  River  to  Cape  Naturaliste. 

The  Abba  River  takes  its  rise  in  the  elevated  laterite-covered 
and  jarrah-clad  country  which  lies  to  the  south-eastward  of  this 
scarp,  from  which  it  flows  in  a  well-defined  channel  for  a  distance 
of  about  three  miles,  one  mile  of  which  is  included  in  the  south- 
eastern corner  of  the  jirospecting  area. 

At  this  point  the  river  spreads  out  over  a  wide  flat  which, 
during  the  rainy  season,  it  mostly  covers  with  a  shallow  sheet  of 
water;  the  only  portions  not  so  flooded  consist  of  low  eminences 
npon  which  "black  butt"  and  other  timber  flourish,  while  the  open 
flats  are  destitute  of  timber  but  for  the  most  part  covered  with  rush- 
Uke  growth. 

On  this  level  tract  of  country  open  flats  destitute  of  vegetation 
are  fairly  common,  upon  the  surface  of  which  an  incrustation  of 
salt  is  often  present  during  the  dry  season,  this  being  api)arently 
due  to  the  evaporation  of  the  salt  contained  in  the  run-off  water 
from  the  hills  supplemented  by  previous  accumulations  contained  in 
the  soil  of  which  these  swampy  areas  are  composed. 

Upon  the  northern  margin  of  this  area,  in  which  direction  tlie 
surface  of  the  country  gradually  falls,  the  water  brought  down  by 
the  Abba  from  the  hills  accumuflates  in  swamps  which  eventually 
are  drained  by  a  defined  channel  which  discharges  into  the  Vasse 
Kstuarv. 

Upon  Location  GST,  which  is  situated  at  about  the  centre  of 
this  area,  the  Wilkinson  family,  who  own  tliis  property,  which  is 
known  as  Seven  Oaks,  discovered  in  sinking  a  w^ell  that  the  water 
after  being  allowed  to  stand  for  a  short  time  was  covered  with  an 
oily  substance,  which  gave  rise  to  the  assumption  that  dei)osits  of 
niineral  oil  existed  in  this  locality. 

With  the  object  of  further  testing  this  question  a  number  of 
holes  were  suiik,  in  all  of  whicli  when  water  was  struck,  wliich  is 
usually  at  a  depth  of  about  eight  feet,  what  is  called  by  the  Wilkin- 
sons the  oil  i)henomena,  may  be  observed. 

I  pon  the  area  itself  no  geological  features  can  be  observed, 
Since  the  only  rocks  visible  are  clays  in  the   flats,    with   loamy   rises 
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probably  exuded  from  the  roots  of  the  rushes,  as  I  have  never  ob- 
ser\ed  it  in  any  locality  where  these  do  not  grow. 

(b)  Ebullitions  of  g:as. — These  can  be  obser\'ed  if  the  muddy 
bottoms  of  the  holes  or  pools  are  disturbed.  This  is  quite  a  com- 
mon phenomenon,  being  due  to  the  liberation  of  sulphuretted  hy- 
drogen gas  the  origin  of  which  is  the  decomposition  of  any  vege- 
table matter,  and  is  of  very  common  occurrence  in  all  swamps. 

The  supposed  gas  blows  could  not  be  observed  as  the  ground 
was  all  dry,  but  the  blow  holes  were  distinctly  visible;  these,  how- 
ever, I  attribute  to  the  escape  of  air  held  in  the  soil,  which  is  first 
covered  by  flood  water  and  then  driven  out  by  the  descending  water 
soaking  the  ground.  A  similar  effect  can  be  readily  produced  by 
filling  a  flower  pot  with  fine  dry  earth  and  submerging  it  in  a  bucket 
of  water,  when  the  air  contained  in  the  soil  is  driven  out  with  a 
similar  formation  of  blow  holes. 

(c)  The  drumming  sound  noticed  in  crossing  the  surface  is 
very  common,  being  due  to  a  hard  crust  or  layer  of  rock  at  or  near 
the  surface,  beneath  which  is  a  dry  stratum  containing  air;  this  is 
not  to  be  observed  in  the  rainv  season  as  the  interstices  in  the  sub- 
stratum  would  then  be  filled  with  water. 

(d)  The  failure  of  crops  to  grow  upon  patches  on  the  culti- 
vated land  is  not  necessarily  caused  bv  the  exudations  of  mineral 
oil,  but  is  more  probably  due  to  the  rise  of  saline  water  drawn  uj) 
by  capillary  attraction.  This  action  is  induced  by  cultivation  and 
is  therefore  not  observed  on  the  untilled  land.  It  mav  be  mentioned 
liore  that  all  the  water  encountered  in  sinking  upon  this  area  is 
saline,  and  probably  contains  chloride  of  magnesia  as  well  as  soda; 
I  have  not,  however,  the  results  of  the  analysis  of  the  sample  col- 
lected by  Mr.  Clarke. 

(e)  Occurrence  of  sandstones  in  the  trial  holes — This  is  looked 
ui)on  as  an  indication  by  the  prosjiectors  who,  in  reading  up  the 
subject,  find  that  sandstone  was  invariably  one  of  the  rocks  met  with 
in  all  the  noted  oil  fields.  The  sandstone  in  question  is  of  a  ferru- 
ginous character  and  presents  more  the  a]^j>earance  of  an  iron- 
cemented  sand  bed  similar  to  the  deposits  so  frequently  met  with 
in  swamp  beds,  since  all  evidence  of  bedding  is  wanting. 

(f )  The  presence  of  salt  is  also  advanced  as  an  indication  of 
the  presence  of  petroleum  as  this  substance  has  invariably  been 
found  in  association  with  it. 

From  the  foregoing  it  will  be  noticed  that  all  the  so-called  in- 
dications are  of  extremely  common  occurrence  in  other  parts  of 
this  State,  while  the  oil,  although  its  true  character*  has  not  as  yet 
been  determined,  is  clearly  not  petroliferous,  otherwise  horses,  which 
are  most  particular  and  possessed  of  a  wonderful  sense  of  smell, 
would  not  drink  of  it. 


•  NoTR. — On  8th  July.  1915,  Mr.  Simpson  did  report  ttmt  there  was  no  Indication 
of  petroleam  or  petroleum  residues  In  the  water  sample  collected  by  Sfr.  Clarke. 
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If,  however,  for  the  sake  of  argument  we  allow  that  the  a 
represents  a  petroliferous  seepage,  we  must  naturally  conclude  tha 
the  impervious  cover  beds  essential  to  the  retention  of  oil  in  a  su 
terranean  reservoir  are  absent,  therefore  boring  in  search  of  thes 
would  be  naturally  useless  since  at  best  low-grade  petroliferous  bed 
could  he  exj^ected. 

In  conclusion,  1  am  reluctantly  compelled  to  state  that  aftei 
a  careful  examination  of  the  area,  and  after  weighing  the  so-calle4 
evidence  adduced  in  supi)ort  of  the  existence  of  petroleum  deposits 
in  this  locality,  I  find  that  all  the  so-called  oil  phenomena  could  be 
attributed,  and  in  my  opinion  are,  to  much  simpler  causes;  there- 
fore, although  it  is  impossible  for  me  to  make  the  statement  that 
oil  does  not  exist  in  this  area,  I  can  safely  state  that  absolutely  no 
indications  exist  of  its  presence  in  this  area,  which  is  identical  in 
every  way  with  many  thousands  of  square  miles  of  territory  in  this 
State. 

23rd  March,  1916. 
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67.— THE    CHEMICAL    AND     PHYSICAL     PROPERTIES    OF 
SOME     OF     THE    DONNYBROOK     SANDSTONES. 


Bv  Edward  S.  Simpson. 

(With  a  map,  Plate  VII.,  and  two  figures,  Noa.  9  and  10.) 


Note. — Six  samples  of  sandstone  representative  of  the  various  quarries 
at  Donnybrook,  and  from  different  horizons  in  the  same,  were  submitted  by 
the  Chief  Architect  for  the  express  purpose  of  having  an  investigation  made 
by  the  Laboratory  Staff,  with  the  view  of  determining  their  relative  durability 
as  building  material.  The  quarries  are  situated  on  the  Bunburj'- Bridgetown 
Railway  line,  132  miles  from  Perth,  and  at  elevations  approximating  to  200 
feet  above  sea- level. 

A.  (iIBB  MAITLAND, 

CJOVERNMENT   GkOLOGIST. 
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Introduction. 

During  the  last  fifteen  years  a  number  of  quarries,  all  of  them 
n»^  yet  comparatively  small,  have  been  oj^ened  up  in  various  places 
^vithin  a  radius  of    about    three    miles    of    the  railway  station  at 

ft' 

^^onny brook,  where  there  is  a  considerable  development  of  almost 
I'orizontally  bedded  sandstones  of  unknown  a^e.*  The  stone  from 
tJiese  quarries  has  gradually  won  its  way  into  favour  with  the  metro- 
politan architects,  who  now  recognise  its  artistic  appearance  and 
practical   utility  for  a  large  variety  of  structures.     Ex])erience  of 


1.     Only  a  single  very  imperfoct  fossil  (raoUuac  ?)  has  been  obtained  from  these 
ocas,  viz.,  from  the  Government  Quarry. 
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its  lastinj?  qualities  is  however  limited,  owing  to  the  short  time  dur- 
ing: which  it  has  been  in  use,  to  the  various  localites  from  which  the 
stone  has  been  derived,  and  to  the  small  development  of  the  (juarriesi 
from  which  it  has  been  won.  In  view,  therefore,  of  the  growinj; 
importance  of  the  stone  as  a  building  material  in  the  city  of  Perth, 
and  of  the  large  ex[)enditure  proposed  to  be  made  on  a  new  General 
Post  Ofiice,  it  was  considered  advisable  to  obtain  some  definite  data 
regarding  the  strength  and  probable  durability  of  the  various  grades 
of  stone  obtainable  from  the  different  quarries  in  the  Donnybrook 
area. 

in  general  the  workable  Donnybrook  stone  may  be  described  as 
a  felspathie  sandstone  whose  principal  binding  is  kaolin  or  halloy- 
site.  In  colour  it  varies  from  pure  white  to  deep  buff  or  exception- 
ally deep  pink,  the  paler  coloured  stone  invariably  darkening  evenly 
on  exposure  to  the  air.  In  grain  it  varies  from  very  fine  to  moder- 
ately coarse.  The  stone  is  obtainable  in  large  blocks  of  even  quality, 
and  in  those  which  reach  the  City  current  bedding  and  "sand-balls," 
i.e.,  poorly  cemented  patches,  are  rarelv  seen,  and  flinty  |>ar<hes 
never.  The  stone  is  easily  worked  bv  machine  or  bv  hand  when 
freshly  quarried,  but  hardens  distinctly  on  exposure  to  dry  air. 

Originally  six  different  stones,  each  in  duplicate,  were  submittefl 
by  the  Chief  Architect  as  representative  of  the  quarries  at  Donny- 
brook, and  subsequently  a  seventh  was  obtained  from  the  new  Gov- 
ernment quarry.  With  them  was  a  ''Sydney"  sandstone  for  coni- 
l)ai'ison.  From  my  own  exjierience,  however,  of  Sydney  sandstone. 
I  am  of  opinion  that  this  latter  stone  did  not  come  from  any  of  the 
im])ortant  Pyrmont  or  other  quarrie>  of  "Hawkesbury  Sandstone" 
wuthin  the  boundaries  of  the  New^  South  Wales  metropolis,  but 
from  some  quarry  outside  that  area  and  nearer  to  the  edge  of  the 
basin  in  which  the  rock  has  been  deposited.  This  opinion  was 
shared  by  a  Sydney  architect  to  whom  the  specimens  were  sub- 
mitted. I  sliall  therefore,  in  order  to  avoid  misconception,  refer  to 
this  rock  as  "Hawkesburv''  stone,  recotmisinsr  that  it  is  derived  from 
the  Hawkesburv  Series,  but  that  its  exact  localitv  is  uncertain. 

It  will  be  convenient  to  state  early  in  this  report  the  relative 
value  I  place  on  the  stones  for  building  purposes,  and  give  details 
subsequently.  At  the  outset,  however,  it  is  necessary  to  draw  attten- 
tion  to  the  fact  that  no  quite  satisfactory  value  can  be  placed  on 
any  sedimentary  rock  for  building  purposes  without  more  data  than 
are  at  present  available  with  regard  to  these  stones,  of  the  higliest 
importance  being  a  crushing  test  on  thoroughly  wetted  stone,  and 
a  comjiarison  of  j)hysical  properties  of  portions  of  the  same  block 
before  and  after  actual  ex]iosure  to  the  weather  for  at  least  twelve 
months.  As  Donnybrook  stone  promises  to  become  the  most  uu- 
portant  building  material  in  Perth,  such  tests  should  be  carried  out 
as  soon  as  possible  by  the  Government  Architectural  Branch  in  con- 
juncticm  with  Geological  Sunev  Laboratory. 
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The  relative  building:  values  of  the  stones  submitted,  having 
r(.iiiu-d  to  their  strenjfth,  durability,  and  general  fitness,  are  as  fol- 
lows : — 

(1)  )  .Quarry  No.  1,  Loc.  1244,  North  Donnybrook. 

(2)  Jifovernment  Quarry,  Res.  2720,  North  Donnybrook. 

(3)  *'Ha\vkesbury,"  New  South  Wales. 

(4)  Goldfields  Quarry,  Loc.  535/152,  South  Donnybrook. 

(5)  Quarry  No.  3,  Loc.  48/1924,  North  Donnybrook. 
(())   Armstrong's  Outcrop. 

(7)  Arnolt's  1st  Quarry,  Loc.  48/1991,  North  Donnybrook. 

(8)  Pink  Quarry,  South  Donnybrook.     Stone  at  eight  feet. 

(9)  Pink  Quarry,  South  Donnybrook.     Stone  at  surface. 
Owing  to  the  disappearance  in  transit  of  specimens  of  the  best 

Sydney  sandstones  from  the  Pyrmont  Quarries  with  which  I  had 
arranged  to  be  supplied,  I  have  been  unable  to  make  any  close  com- 
parison with  this  greatly  used  stone.  In  the  absence  of  specimens 
it  was  also  impossible  to  compare  in  detail  the  Donnybrook  stones 
with  what  is  usually  considered  to  be  the  best  freestone  in  Victoria, 
viz.  that  from  Stawell.  Many  details  regarding  the  latter  are  to  be 
found  in  the  Proceedings  of  the  Eoyal  Society  of  Victoria,  Vol. 
XXII.,  pp.  172-197. 

Tests  applied. 
The  strength  and  durability  of  a  sandstone  depend  mainly  upon 
three  factors: 

A.  The  relative  quantity  of  quartz,  a  practically  indestructible 
mineral,  amongst  the  santl  grains. 

B.  The  relative  proportions  of  grains  of  various  sizes.  It  is 
just  as  essential  in  a  good  sandstone  as  in  a  good  mixture  for  con- 
crete that  there  should  be  sufficient  smaller  grains  of  various  sizes 
to  fill  in  the  large  spaces  between  the  coarse  grains. 

C.  The  tenacity  and  durability  of  the  binding  material  under 
tlie  varj'ing  conditions  of  exposure  in  a  building.  This  is  the  most 
irnjjortant  j;oint  of  all,  since  though  the  sand-grains  individually 
may  be  strong  and  durable,  without  a  strong  and  durable  cementing 
material  the  stone  in  mass  will  ultimately  ajjproach  to  the  condition 
of  a  mere  sand  without  coherence. 

In  order  to  elucidate  these  points  the  following  tests  were  re- 
quired : — 

(1)  Crushing  Test  of  Dry  Stone. — The  utility  of  this  test  is 
obvious,  and  figures  for  it  w^ere  available  from  the  testing  plant  at 
the  Midland  Junction  railway  workshoj  s. 

(2)  Crushing  Test  of  Wet  Stone. — This  should  be  made  on 
fluplicates  of  the  same  blocks  after  thorough  saturation  with  w^ater. 
The  surface  of  a  sandstone  in  the  outer  walls  of  a  building  is  fre- 
Quently,  owing  to  its  great  porosity,  saturated  with  water  to  a 
greater  or  less  depth  during  the  wet  season,  and  in  this  condition 


itill  suhJ6<'t  tu  tlie  usual  compresBive  stress 
'nt  u'ticlit,  as  well  as  to  llie  scourinjr  aeti< 
I  Kr)iii(<  f<>:U'Dt,  of  sanil  jn'iuns  aud  passin);  1 
s  tlic  (-euieiiliiiK  material  consists  to  a  tm-i 
loidal  iiiinernis  of  the  elay  group,  wliich  w 
r\ieu  wetteil  and  may  even  pa^s  into  a  aliirr; 
;  powtr.  It  is  evident,  therefore,  tliat  a  iv 
!ut  iinjiortanve  in  tlie  ease  of  sandstones. 
ou'i-ver,  available  in  tliese  eases,  and  hand  ei 
esorled  lo,  is  very  unsatisfactory,  though 
'  the  stones  from  the  I'lnk  Quarry  were  one  • 
hey  were  plaeed  so  low  in  the  list  on  pajre 
*al  Wealherinij  '/>,■<(».— These  would  bo  of 
ieil  out  under  seientilie  eontrol,  over  definite 
der  idenlirat  eiindilions,  on  a  seiies  of  blocl 
rries.  eudi  hloek  being  cut  into  a  niunlier 
,  with  ctimparisim  of  physical  and  chemical 
fler  the  exposure.  No  such  testa  have  yet 
uld  he  iiiHUsurated  immediately.  In  the 
1  exajninatioH  lios  liecn   made  of  biiildin!-;;  i 

known  as  well  an  the  source  of  stone.  ^ 
luld  in  any  case  suiipleraent  the  scientific  te 

imjMirtant  slruetures  in  which  Donnybrool^ 

piven  on  page  ill. 

filial    Wenllierinij    Tests, — Many   laboratory 

from  time  lo  lime  which  are  suppose<]  to 
ir  a  few  days  the  efTerts  of  years  of  wealhei 
extremely  nrliMeial  and  there  is  no  definite 
Stive  H^uiTS  corn'sponding  to  llie  true  weflHi 

the  stone,  except  j^crhaps  in  re-iard  to  f'rn 
.1  may  well  he  disrefrarded  in  Perth,  where  il 
ice  and  of  such  slight  intensitv.    None  such 
lo  Ihese  siones. 
itiuucil  liri^k  boilinjr.  which  mifiht  be  expec 

the  resL-;l;inc('  of  llic  slime  to  the  abroidinj 
n,  ^'nve  resiills  which  were  small  and  inconi 

of  drains  anil  I'liriisitn. — As  a  rule  a  slo 
;h  percenta<.'e  of  coarse  grains  and  hut  lit 
mc  with  an  overwhelming  j)roportion  of  ve 
ns  of  medium  si/e,  will  wear  less  well  thai 

of  nit'diinn-si/.cd  grains  with  due  proporl 
ilei-ial.  The  ideal  condition  woidd  be  such 
various  si/cs  that  all  pores  are  completely 
s  approached  in  the  eases  of  the  stones  from 
ind  Goldfields  ipmrries,  but  more  perfect  co 
fould  have  been  indicated  by  still  lower  fipn 

a  key  to  Ihc  exact  class  of  stone  represeii 
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crushing  and  other  tests,  the  figures  for  the  size  of  grain  are  invalu- 
able when  dealing  with  such  a  stone  as  sandstone  which  varies  in 
texture  within  a  small  area. 

The  determination  of  porosity  is  imjortant  from  several  points 
of  view,  and  is  often  incorrectly  estimated.  It  is  usually  determined 
by  finding  the  quantity  of  water  required  to  fill  up  all  the  i)ores  in 
a  unit  mass  of  rock.  In  this  connection  it  must  be  remembered  that 
mere  immersion  of  a  block  of  stone  in  cold  water  for  a  few  hours 
or  even  a  few  days  will  not  result  in  driving  out  all  the  air  from  the 
pores  and  substituting  water  for  it.  In  the  present  case  this  result 
was  attained  by  first  standing  the  stone  in  shallow  water  and  allow- 
ing this  to  be  draw^n  up  through  the  block  by  capillarity,  then  com- 
pletely covering  the  block  with  water  and  alternately  heating  to 
boiling  and  cooling  down  until  no  further  increase  in  weight  oc- 
curred. 

The  figures  obtained  are  important  in  determining  the  relative 
values  of  a  series  of  stones  for  building  purposes.  A  highly  porous 
stone  will  absorb  so  much  water  as  to  make  a  building  damp  along 
exi)osed  walls;  further,  it  will  allow  of  the  free  percolation  of  rain 
through  the  outer  portions  of  blocks,  thus  accelerating  disintegra- 
tion. Again,  the  greater  the  pore  space  the  larger  must  be  the  sur- 
face area  of  grains  left  uncemented  to  their  fellow^s.  Finally,  the 
more  porous  a  building  stone  is,  the  more  rapidly  the  outer  walls 
of  a  building  in  the  City  become  discoloured  by  dust  and  smoke. 
All  the  Donnybrook  stones  compare  somewhat  unfavourably  in  re- 
spect of  porosity  with  Sydney  (Pyrmont),  "Hawkesbury,"  and 
Stawell  stone. 

(6)  Chemical  and  Mineralogical  Eji\u,%ination.  —  The  direct  ob- 
ject of  this  section  of  the  investigation  w^as  to  determine  wiiat  pro- 
I Portion  of  the  whole  stone  is  likely  to  be  entirely  unaffected  by  ex- 
posure to  the  natural  elements,  what  proportion  will  slowly  disin- 
tesrrate,  and  what  proportion  will  rapidly  be  affected. 

Chemical  analysis  accompanied  by  examinaticm  under  the 
microscope  of  rock  powder  and  of  thin  slices  of  the  rock  (see  Ap- 
pendix) indicate  that  quartz,  a  practically  indestructible  mineral, 
forms  quite  three-cjuarters  or  more  of  the  whole  rock,  occurring  in 
grains  of  various  sizes.  Only  to  a  slight  extent  docs  secondary 
silica  occur  as  a  cementing  material,  there  being  no  unusually  hard 
masses  of  silicified  rock  such  as  are  present  in  several  of  the  Vic- 
torian sandstones.  Associated  with  the  quartz  is  a  fair  i)r()p()rtion 
of  felspar  of  tw^o  kinds,  both  of  which  are  liable  to  soften,  but  at 
an  extremely  slow  rate,  on  exposure.  Of  these  the  lime-soda  fel- 
spars (oligoclase,  etc.)  are  slightly  less  stable  than  the  potash  fel- 
spar (microcline). 

The  only  other  constituents  in  important  pro|)ortions  are  kao- 
lin (halloysite  ?),  limonite,  and  possibly  talc.  The  first  two  are  the 
important  binding  agents,  whilst  limonite  or  other  iron  hydrate  is 
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resi)onsible  for  the  cream  or  brown  colouring.  Kaolin  and  limonitc 
are  not  liable  to  chemical  change  except  under  the  influeace  of  the 
sulphuric  acid  found  in  the  atmospheres  of  busy  manufacturinj? 
centres.  Kaolin  would  soften  appreciably  on  wetting  unless  it  were 
well  impregnated  wuth  secondary  silica,  a  condition  approached  in 
the  stones  from  the  No.  1  and  Government  quarries.  Carbonates 
are  almost  absent,  as  is  also  mica. 

Two  typical  stones  were  selected  for  complete  analysis,  viz., 
No.  10  from  tlie  No.  1  Quarry  and  No.  13  from  the  No.  3  Quarry. 
The  former  is  pure  white  on  fresh  fracture  but  slowly  turns  cream 
or  light  brow^n  on  exposure.  The  latter  is  light  buff  in  colour  with 
deep  yellow  stripes  (secondary  iron  staining),  and  deepens  only 
very  slightly  in  colour  on  exposure.  The  results  of  analyses  were  a^ 
follow,  analyses  of  typical  Sydney  and  Victorian  building  sand 
stones  being  quoted  for  comparison. 
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TABLE    I. 

Analyses  of  Typical  Australian  Sandstones  used  for  Building 

Purposes. 


Donnybrook. 

1 



Sta^^cll, 

Egerton, 

Pyrmont 

1 

No.  1 

No.  3 

Victoria. 

Victoria. 

N.S.W. 

Quarry. 

1 

Quarry. 

1 

1 

Silica,  insoluble 

86-55 

1 

84-53 

196-19 

90-22 

r83-5o 

Silica,  soluble  (1) 

1-38 

4-73 

J 

1    5-30 

Alumina 

5-83 

5-82 

190 

!       7-56 

001 

Ferric  oxide    . . 

.     1         -32 

•50 

•37 

trace 

•10 

Ferrous  oxide 

•10 

•08 

•06 

Ml 

1-37 

Manganese  oxide 

Ml 

Ml 

■   ■ 

trace 

-04 

Magnesia 

•76 

-24 

•09 

trace 

•  2.1 

Lime    . . 

•21 

•21 

trace 

trace 

•08 

Soda    . . 

.     1           56 

-33 

•04 

•38 

•01 

Potash . . 

2-58 

2- 18 

•39 

•22 

•81 

Water  at  100° 

.     !         -47 

•13 

•11 

•58 

•33 

Water  on  ignition     . 

.     1       1-01 

1-28 

•48 

156 

105 

Carbonic  acid 

.     1           02 

•01 

.\  il 

Sil 

■84 

Phosphoric  oxide 

•17 

•11 

•  • 

•   • 

•  ■ 

Titanium  oxide 

•14 

•30     1 

•10 

•  • 

•66 

Sulphuric  oxide 

.     1           02 

•03 

\ 

•   • 

trace 

Organic  matter  (2)   . 

.     1         -04 

1 

100- 16 

Ml 

I 

•   t 

1 

trace 

100-44     ' 

99-73 

100^ 52 

100-40 

Analyst 

H. 

H. 

P.  G.  W. 

H.  C. 

J.  C.  H. 

Bo\\ley.   ,   Bouley.       Bayly.    I  Richards.  Mingaye. 

(1.)  I.e,  soluble  in  Lunge's  alkali  solution  after  treating  the  rock  with 
fuming  sulphuric  acid. 

(2.)  Calculated  as  humus  from  the  carbon  determined  by  wet  combustion. 
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Table  I. — continued. 
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" 

1        Donnybrook. 

Stawell, 

Ejferton, 

Pyrmont, 

No.  1 

No.  3 

Victoria. 

Victoria. 

N.S.W. 

'  Quarry. 

Quarry. 

I 

Appro/imale  Mineral  C 

'omposition. 

Quartz 

1     70-85 

.     74^84 

92-63 

79  27 

79-46 

MicrocUno 

15- 05 

i     12-80 

2-31 

128 

4-78 

Oligoclase  and   Albite 

4Ti 

201 

•31 

3  20 

traces 

Kaolin 

5^43 

7-23 

300 

16-94 

12-95 

Talc 

2-28 

•76 

•  • 

•   • 

•   * 

limonite 

•37 

'         -56 

r                    •    • 

«   • 

•  • 

Apatite 

•37 

•27 

•   • 

•   • 

•  • 

Ilmenite 

1         -21 

■17 

•   • 

■   • 

•   • 

Boelterite 

1           03 

•26 

•   • 

•   ■ 

•   • 

Gypsum 

•03 

•05 

■   • 

•   • 

..  (3) 

Calcite 

•04 

•02 

•   • 

•   • 

2-22 

Orguiic  matter 

•04 

y  ii 

■   • 

•   • 

•   ■ 

Water  . . 

i          -47 

•13 

•   • 

•   • 

1 

•   • 

10000 

1 

100-00 

98  85 

100-69 

99-41 

(3.)   Iron  carbonate. 

In  the  caiie  of  the  otlier  stones  the  chemical  and  mineralogical 
examination  was  restricted  to  the  following:  five  determinations: — 

(a)  A  qualitative  determination  of  the  minerals  present  as 
shown  by  the  microscoj)e  in  a  thin  slice.  This  showed  that  all  the 
stones  were  of  the  same  type  of  felspathic  sandstone. 

(b)  Total  insoluble  in  fuming  sulphuric  acid.  This  represents 
the  total  proportion  of  the  stone  which  may  be  taken  for  all  i)rac- 
tical  purposes  to  be  absolutely  resistant  to  any  chemical  chanf»e  on 
exposure  to  the  atmosphere.  In  every  case  it  was  approximately 
05  per  cent.,  a  figure  higher  than  any  Sydney  sandstone  of  which 
I  have  data,  but  approximately  the  same  as  in  that  from  Sta^vell, 
Victoria. 

(c)  Carbonic  acid.  This  indicates  the  proportion  of  car- 
bonates present.  These,  in  conjunction  with  clay,  form  one  of  tlie 
strongest  of  all  binding  materials,  but  not  resistant  to  acid  vapours. 
The  Sydney  and  Hawkesburv  stones  owe  their  strength  mainly  to 
this  combination  of  clay  and  carbonates.  The  Donnybrook  stones 
are  practically  devoid  of  carbonates,  but  in  those  from  the  Govern- 
ment and  No.  1  Quarries  their  i)lace  is  filled  by  secondary  silica,  a 
still  stronger  and  more  durable  cementing  material. 

(d)  Acid>soluble  Alumina.- -This  gives  an  indication  of  the 
relative  proportions  of  clay;  the  percentage  of  the  latter  beini!; 
approximately  ecpial  to  the  percentage  of  soluble  alumina  multi- 
plied by  two  and  a  half. 
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(e)  Aeid-soluble  Iron  oxide. — This  is  a  useful  binding  agent. 
The  i^resence  of  iron  in  a  light-coloured  stone  such  as  Doimybrook 
No.  1  or  Pyrmont  indicates  the  certain  darkening  of  the  stone  on 
exposure,  an  important  matt€r  from  an  aesthetic  standpoint 

(7)  Colour,  Evenness  of  Appearance,  etc. — ^These  are  note- 
worthy from  an  aesthetic  point  of  view,  and  normally  should  be 
determined  before  and  after  weathering.  In  the  absence  of  weather- 
ing tests,  note  is  made  of  the  amount  of  iron  in  the  stone,  and  of 
any  change  of  colour  on  gentle  heating  to  about  200deg.  C. 

Any  visible  unevenness  in  grain  or  texture  is  a  serious  draw- 
back, as  it  will  almost  certainly  lead  to  uneven  weathering. 

Cross-bedding  (current  bedding)  is  a  serious  source  of  weak- 
ness in  a  sandstone,  tis  are  also  clay  partings.  Neither  was  observeii 
in  the  specimen  blocks  of  Donnybrook  stone,  nor,  with  one  excep- 
tion, in  any  City  buildings,  though  Mr.  H.  P.  Woodward,  who  has 
recently  visited  Donnybrook,  informs  me  that  confused  bedding  is 
the  cause  for  rejecting  a  considerable  amount  of  stone  at  some  of 
the  quarries.  The  streaky  colour  scheme  not  uncommonly  seen  in 
blocks  from  Vincent's  and  the  No.  3  Quarries  is  not  an  indication 
of  cross-bedding,  but  is  merely  due  to  irregular  distribution  of  small 
amounts  of  iron  oxides  w^hich  in  most  cases  have  penetrated  into 
the  stone  from  overlying  laterite.  It  is  not  parallel  to  any  struc- 
tural lines  of  parting  or  weakness. 

Another  frequent  defect  in  sandstones  is  the  i)resence  of  small 
pockets  of  softer,  incompletely  cemented  sand  grains,  "sand  balls.*' 
These  should  be  detected  by  hand  and  eye  during  working  and  not 
allowed  to  appear  on  the  out^T  surface  of  a  building.  Though  in- 
frequent in  Donnybrook  stone  and  not  observed  at  all  in  any  of  the 
specimen  blocks  submitted,  they  are  to  be  seen  in  several  blocks  of 
tile  stone  in  City  buildings. 

Visual  inspection  sliould  disclose  if  any  organic  debris  is  pre- 
sent in  sufficient  amount  to  cause  local  weakness.  None  was  ob- 
served in  any  Donnybrook  stone.  The  "organic  matter"  shown  in 
the  analysis  of  the  stone  from  the  No.  1  Quarry  is  very  evenly  dis- 
tributed through  the  stone,  probably  in  the  form  of  an  organic 
compound  of  iron,  which  is  colourless  in  the  natural  state  but 
darkens  on  heating  or  exposure  to  the  weather. 

liesvlts  of  Tests  of  Individual  Stones. — The  accompanyinir 
Table  11.  gives  the  numerical  results  of  the  tests  applied  to  the 
different  stones.  The  inferences  drawn  from  them  and  from  the 
inspection  of  local  buildings  are  given  in  the  following  notes. 

No.  I  Qunrrif  {Alexnnder's),—^oYi\\  end  of  Loc.  1244,  North 
Donnybrook.  The  stone  from  this  quarry  is  pure  white  in  colour 
when  fresh,  and  finer  in  grain  than  any  other  in  the  series  examined. 
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Moderate  heating  (200deg:.  C.)  changes  the  colour  to  dark  grey,  and 
exposure  to  the  air  even  under  cover  produces  a  decided  cream  tinge 
on  the  surface  in  ahout  twelve  months.  An  inspection  of  the 
buildings  in  which  it  has  been  used  shows  that  it  somewliat  rapidly 
darkens  to  a  light  to  medium  brown  colour  on  exposure,  giving  a 
ver\-  agreeable  appearance  of  age  to  the  structures.  The  specimen 
blocks  show  no  cross-bedding,  sand  balls,  or  unevenness  in  grain, 
though  this  latter  is  marked  in  some  few  blocks  in  local  buildings, 
h  in  composed  mainly  of  quartz  grains  witli  about  one-quarter  the 
amount  of  felspar  grains,  the  cementing  material  being  clay  with 
a  little  secondary  silica,  a  strong  combination  when  in  sufficient 
^juantity,  as  appears  to  be  the  case  with  this  stone.  The  figures 
aiven  by  the  crushing  test  (490-542  tons  per  scfuare  foot)  jilace  it 
amongst  the  best  freestones  the  world  over.  The  chief  defect  of 
this  stone  is  its  porosity,  which  is  double  that  of  average  Sydney 
stone,  and  three  times  that  of  typical  Stawell  stone.  Its  absorption 
of  water  is,  however,  well  within  the  limit  laid  down  for  best  build- 
ing brick  (10-12  per  cent.),  and  so  far  as  I  have  been  able  to  ascer- 
tain it  has  not  caused  dampness  in  the  buildings  in  w-hich  it  has 
been  used,  nor  has  it  led  to  a  noticeable  amount  of  surface  fretting. 
This  stone  is  entirely  devoid  of  those  extremely  hard  patches  of 
secondary  silica  which  are  tlie  chief  drawback  to  the  use  of  Stawell 
sicme.  It  carves  well,  taking  a  fine  edge,  and  is  capable  of  any  sort 
of  finish  short  of  a  polished  surface. 

An  inspection  of  the  Art  Gallery  and  Technical  School  indi- 
cates that  all  originally  sound  blocks  liave  maintained  their  sharp 
outlines  and  the  surface  is  everywhere  in  a  sound,  hard,  even  condi- 
tion. Some  blocks  in  both  buildings  were  evidently  originally 
faulty  from  the  presence  of  "sand  balls"  or  confused  be<lding  and 
should  never  have  been  put  into  the  face  of  the  buildings. 

All  things  considered,  this  is  an  excellent  stone  for  building 
inirposes,  though  slightly  expensive  to  work,  a  natural  result  of 
its  superior  hardness  and  durability.  Attempts  are  being  made  to 
put  on  the  market  grindstones  cut  from  this  stone. 

yo,  2  Quarry  {Alexander's). — Near  centre  of  Loc.  1244,  North 
Donnybrook.  No  specimen  blocks  from  this  quarry  have  been  sub- 
ject to  investigation  in  the  Geological  Survey  Laboratory.  The 
stone  has  been  used  for  portions  of  the  Telephone  Exchange  in 
Murray  Street,  Perth,  where  it  can  be  seen  to  be  a  stone  closely  re- 
sembling that  from  the  No.  1  Quarry.  It  is  uniformly  fine  grained, 
white  on  a  fresh  fracture,  but  somewhat  darkened  by  exposure.  It 
is  a  hard  stone  capable  of  a  fine  finish.  There  are  no  signs  of 
fretting,  and  the  arrises  are  still  sharp  after  several  years'  exposure. 
Several  of  the  blocks  are  disfigured  bv  sandballs.  In  the  absence 
of  experimental  data,  it  is  inadvisable  to  express  a  definite  opinion 
of  this  stone. 
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Ill  a  busy  Ktret't  tlie  arriseR  are  but  little  dii|>iied  or  ivorn.  Despite 
its  Iiisli  JO  rosily,  no  si^ns  nt'  dHiTi|i  are  to  be  disroverod  inside  tlie 
'iiiililin<.'.  Tills  is  I'vidi-ntly  a  vci-y  satisl'uftory  IniildinK  stone.  It 
(lix-s  not  apiiarently  darken  Krently  tin  espiwiirc.  Fiirtlier,  cither 
ilie  ijiiarry  yields  but  few  fiudly  bliieks.  or  tlicsc  liavo  been  keiit  out 
lit'  (be  buililins  by  earet'iil  insjicdion  diiriiiE  ereetion.     Two  of  the 


lar^-esl  buildins,-*:  in  Perth,  viz.  the  Aiistrnlinn  Mutual  Provident 
Kwiety's  olliees  and  Kt.  Georse's  House  (Millars'  Timber  and 
Tradini;  Co.),  were  built  of  this  stone.  Sand  balls  are  not  uncom- 
mon in  tbe  stone  used  in  tlie  latter,  and  in  both  sniull  circular  dark 
lirown  iron-stains  liave  dcvelo|ied  on  e.xposure;  lliey  are,  however, 
inponsi>icuous  escciit  on  close  seruliny. 


Armslrotig's  Outcrop. — Routli-west  comer  of  Loe.  15 
Donnybrook.  This  yields  a  mediiim-frrained  stone  of 
preamy  colour  witli  white  mottlitij-.  It  bears  eonsideral 
blance  in  Brain,  porosity,  ete.,  to  tlie  stone  from  No,  3  Qni 
which  it  compares  favourably  when  dry.  Tests  show,  how 
it  loses  seriously  in  coherence  when  wetted.  Wei  crushinj 
it  are  badly  needed.  This  stone  has  not  been  used  in  anj 
in  Perth,  so  that  e.\act  data  with  regard  to  its  durability 
ing.  On  purel.v  laboratory  lic;ures  I  am  inclined  to  cons 
be  inferior  to  those  previously  described,  and  unsuited 
portant  public  buildings. 
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Amott's  No.  1  Quarry. — North-east  comer  of  Loc.  >  48/1991, 
North  Donnybrook.  This  small  quarry  yielded  stone  of  very 
irreiTiilar  grain  and  coloration.  A  small  quantity  has  been  used  in 
one  part  of  the  basement  of  the  new  General  Post  Office  on  the 
south  side,  where  it  is  seen  to  be  a  light-coloured  stone  with  irregu- 
lar iron-staining  and  uneven  and  confused  texture,  such  as  might 
be  caused  by  violent  eddies  in  the  current  during  the  deposition  of 
the  sand  grains. 

Gold  fields  Quarry.— West  side  of  Crendon  Road,  on  old  Gold 
Mining  Lease  6(5,  South  Donnybrook.  This  stone  is  the  heaviest 
and  coarsest  grained  of  the  series,  and  is  also  less  porous  than  that 
from  any  other  Donnybrook  quarry.  It  is  from  deep  to  light  buff 
in  colour,  and  is  devoid  of  cross-bedding  or  irregularity  in  grain. 
The  grains  are  mainly  quartz  with  a  little  felspar,  the  cementing 
material  being  clay  with  a  little  secondary  silica.  It  is  somewhat 
inferior  in  crushing  strength  to  the  stone  from  the  No.  1  and  Gov- 
ernment Quarries,  but  I  am  of  opinion  that  it  would  not  be  much, 
if  at  all,  inferior  to  these  in  durability.  It  would  doubtless  be 
cheaper  to  dress,  though  incapable  of  yielding  such  sharp  outlines 
as  the  other  two  mentioned. 

One  of  the  few  places  in  which  this  has  been  used  is  in  the 
lower  portion  of  the  facade  of  the  Government  Stores  Office.  An 
examination  of  this,  which  has  been  exposed  for  about  six  years, 
shows  so  far  no  sign  of  any  defects  other  than  a  few  apparently 
original  ones  in  isolated  blocks.  Some  of  the  stones  in  this  building 
are  plainly  finer  grained  than  the  average.  In  view  of  its  su})erior 
density  and  lower  porosity,  this  stone  is  worthy  of  further  applica- 
tion in  local  buildings  devoid  of  fine  detail. 

Pink  Quarry. — North  of  Loc.  48/1316,  South  Donnybrook. 
Two  different  classes  of  stone  were  submitted  from  this  quarry,  one 
from  the  surface,  the  other  from  a  depth  of  eight  feet.  The  latter 
when  freshly  quarried  possesses  a  very  handsome  appearance,  being 
of  a  rich  pink  colour  which  is  evenly  distributed.  This  colour, 
being  due  to  fully  oxidised  compounds,  is  likely  to  be  permanent 
over  a  long  period  of  time.  Small  black  blotches  due  to  a  local 
concentration  of  oxide  of  iron  present  a  marked  blemish  when  close 
to  the  eye,  but  at  a  slight  distance  are  invisible,  and  would  have 
no  effect  upon  the  general  api^earance  of  a  building.  Similar 
blotches  have  developed  in  stone  from  No.  3  Quarry  (vide  supra). 
Unfortunately,  though  possessing  a  moderately  high  compressive 
strength  when  dry,  on  soaking  with  water  it  loses  the  greater  part 
of  its  coherence.  This  condemns  it  completely  for  outside  work  in 
a  building  of  any  importance.  Owing  to  its  beauty  it  might  well 
be  given  a  trial  in  some  small  building  where  its  failure  would  not 
cause  any  serious  loss. 
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The  sloue  from  the  surface  resembles  the  previous  stone  n 
colour,  but  is  distinctly  bedded,  with  large  variation  in  the  prrait 
in  the  different  thin  layers  (vide  fio^ures  in  Table  II.)-  I^ite  tha 
from  a  depth  of  eiffht  feet,  it  loses  most  of  its  coherence  on  wetting 
and  must  be  looked  upon  as  valueless  for  outside  work. 

Original,  19th  March,  1015. 
Revised,  30th  December,  lOlG. 
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APPENDIX  I. 


Petrological  Examination  op  six  samples  of  Building  Stones  fbom 

donnybrook. 


By  R.  a.  Fabquhabson. 

The  difficulty  in  sectioning  these  having  been  overcome,  examination  of 
the  slides  has  given  the  following  results  : — 

The  rocks  are  all  essentially  similar  in  structure,  composition, 
and  physical  character.  The  mineral  composition  is  in  brief: 
quartz,  felspar,  kaolin  and  some  iron  staining.  No  pyritic  ore, 
and  no  mica  was  observed.  In  general  character  they  are  all 
somewhat  incoherent  and  friable  felspathic  sandstones  or  grits, 
the  compactness  of  which  is  more  due  to  pressure  than  to  the 
presence  of  cementing  material  such  as  secondary  quartz  or  iron 
oxides.  The  cementing  material  is  in  very  small  part  secondary 
quartz  and  in  part  (in  some  of  the  specimens)  oxide  of  iron,  but 
both  are  but  poorly  developed.  The  majority  is  of  an  argillaceous 
(kaoUnic)  nature. 

As  building  stones  the  samples  will  be  easily  dressed  and  in  spite  of  the 
argillaceous  nature  of  the  cement  and  the  comparative  absence  of  resilicification 
should,  under  normal  conditions,  wear  reasonably  well,  though  not  so  well  as 
rosilicified  sandstones. 

Following  are  descriptions  of  the  samples : — 

[13934]  (S2456)  No.  10.— No  1  Quarry.  A  very  fine-grained  white  gritty 
rock,  slightly  friable,  but  more  compact  than  the  rest  of  the  specimens. 

In  section,  the  minerals  are  quartz  grains  and  felspar  grains,  rounded  and 
angular  with  verj'  little  cementing  material.  The  latter  appears  in  places  to 
be  secondary  quartz,  but  most  of  the  material  between  the  grains — and  there 
is  very  little  of  it — ^is  opaque,  granular  and  white,  with  argillaceouB  (kaolinic) 
characters.  Some  of  the  quartz  grains  arc  cracked  and  endose  indeterminable 
hair-like  inclusions,  while  some  irregular  extinction  is  noticeable  in  them. 

The  rock  is  a  partially  compacted  FeUjxUhie  Sandstone  of  somewhat  fri- 
able nature,  and  of  very  fine  grain. 

[18933]  (S2454)  No.  13.— No»  3  Quarry.  A  slightly  coarse  gritty  rook 
banded  alternately  yellowish-brown  and  yellowish- white  and  somewhat  friabl^ 

The  rock  is  again  composed  of  rounded  and  angular  quartz  grains  and 
felspar  grains,  with  a  yellowish-brown  clayey  cement.  The  felspar  is  in  pla<^ 
microcline,  in  places  too  much  kaolinised  for  determination.  No  secondar} 
silicifi cation  was  observed.     The  banding  is  due  to  limonitic  staining. 

The  rock  is  a  friable  banded  FeUpathic  Sandstone  or  Orii, 

[13931]  {S2452)  No.  22.— Armstrong's  Outcrop.     A  fine-grained,  pink»h, 
granular  rock  quite  friable  and  hence  easily  dressed,  but  liable  to  fretting. 
and  consisting  of  quartz  grains  and  minute  white  particles   with   occasion* 
reddish   spots. 

In  section,  tlie  bulk  of  the  rock  is  made  up  of  small  rounded,  as  well  a» 
more  or  less  angular  quartz  grains — occasionally  showing  strain  shadows- Jf*^ 
common  grains  of  fel8j)ar  which  are  frequently  kaolinised  to  complete  turbu"0 
and  which  include  microcUne  and  orthoclase  as  well  as  twinned  plagiocj*^' 
and  occasional  small  dusty  red  patches  of  material  that  is  probably  ^^^' 
stained  kaolin. 


Cementing  material  is  present  only  in  small  nmount  as  a  thin  lilm  botu'eon 
the  qiurtz  gtaina,  and  appears  to  be  of  argillaceoua  (kaoUnic)  nature. 

Secondary  silica  as  cement  is  very  poorly  if  at  all  developed.  In  conse- 
cjuenco,  there  is  some  slight  lack  of  coherence  in  the  rocb  and  its  friability  is 
noticeable. 

The  rock  b  a  line-grained  Felspalkic  Sandstone,  formed  by  compacting  of 
in^ins  of  quartz  and  kaoUnised  felspar  by  pressure  uithout  the  production  of 
much  secondary  silica  as  a  cement,  or  the  introduction  of  such  binding  material 
as  oxides  of  iron. 

[18S36]  (82457)  No.  5.— GoldfioldB  Quarry.  A  alightly  coaraer-grained 
yellouish,  and  somewhat  friable  gritty  rock,  very  similar  to  the  above. 

The  composition  is  the  same  as  in  No.  22,  i.«..  rounded  and  angular  quartz 
i:raiiis  and  occasional  koolinised  felspar  grains  with  cementing  malarial  as 
tx^forc.  The  structure,  boivever,  is  again  rather  loose  and  incoherent.  Iron 
Atainlng  is  almost  entirely  absent. 

The  rock  is  a  FeUpalhic  SatdMone  or  Grit. 

[1S9S2]  (S24S5}  Na  Ifl.— Pink  Quarry.  A  fine-grained,  roddish-pink, 
invnular,  gritty,  and  friable  rock,  with  grains  of  quartz,  whitish  specks,  and 
reddish  ^(rainB. 

In  section  there  are  small  quartz  grains  mostly,  but  subsidiary  kaolinised 
frlspar  grains  and  slight  iron  staining  are  also  visible.  Cementing  material 
is  again  not  conspicuous,  but  there  appears  to  bo  a  slight  development  of 
JH'Cundary  silica  betiieen  some  of  the  quartz  grains-  The  structure  of  the  rock 
is  again  somcu  hat  loose  and  incoherent,  due  to  the  comparative  lack  of  de- 
velopment of  cementing  maleriaL 

The  rock  IB  a  somewhat  friable  felspathic  sandstono  in  which  the  coherence 
is  due  in  part  to  compacting  by  pressure,  in  part  to  secondary  ailicili cation, 
and  in  part  lo  an  argillaceous  (koolinic)  cement. 

[139301    (82451)    No.    IS.^Fink  Quarry.     In  oU  rea|>ecls  is  essentially 
similar  to  No.  16,  with  slightly  deeper  iron  staining. 
10th  November.  1914. 
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68.— THE  KENDENUP  GRAPHITE  DEPOSITS— SOUTH-WEST 

DIVISION. 


By  H.  P.  Woodward  and  T.  Blatciiford. 
(With  two  Fij^ures.) 
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Historical. 

Although  the  existence  of  these  deposits  lias  been  known 
for  over  50  years,  and  that  at  least  upon  three  ocea-^ions  attempts 
have  been  made  to  work  them,  owing:  to  the  low  jrrade  of  the  raft- 
terial  diseovercKl  thev  were  each  time  abandoned  after  a  short  trial. 
In  1003  a  syndicate  was  formed  to  further  test  them,  when  the 
work  carried  out  revealed  the  presence  of  some  much  hi^ber  irrade 
ore,  but  owinj^  to  the  fact  that  funds  were  difficult  to  obtain  little 
mining:  de\elopment  of  a  systematic  character  has  been  executed, 
altbou.sli  work  in  a  more  or  less  desultory  manner  has  been  eon- 
ducted  for  a  period  of  years. 

Situation. 
The  area  in  which  these  deposits  exist  is  situated  close  to  the 
Oreat  Southern  Railway  line  at  a  distance  of  290  miles  from  Tcrtli 
and  50  miles  from  Albany,  the  nearest  port  of  shipment. 

l^HVSKHJRAPinr    G KOI/)' IV. 

Tiie  de|)()sits  are  situated  on  the  banks  of  the  Kaliran  River, 
wliicli  at  this  point  follow  an  east  and  west  course  alonj;  a  valley* 
which  is  about  500  feet  above  the  sea-level.    This  valley  lies  between 
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tlie  Stirlinj;  Rangfe  to  the  northward  and  the  Mt.  Barker-Poronpforup 
Han^sre  to  the  soutliward.  The  surface  level  rises  gradually  alon^  the 
pourse  traversed  by  the  railway  line  some  450  feet  in  a  northerly 
direction  to  Tenterden,  which  is  14  miles  distant,  and  300  feet  south- 
ward to  Mt.  Barker,  which  is  eight  miles  away. 

The  Stirling  Range  is  a  bold  mountain  mass  which  runs  in  an 
east  and  west  direction  for  a  distance  of  about  40  miles,  and  in  it 
the  main  peaks  attain  an  elevation  of  close  on  4,000  feet. 
This  range  consists  of  stratified  rocks  (mostly  quartzite),  the 
geological  age  of  which  has  not  as  yet  been  determined  owing  to 
the  absence  of  organic  remains  and  other  difficulties  of  correlation. 
It  would  at  one  time  appear  to  have  formed  a  portion  of  a  chain  of 
mountains  which  extended  from  Phillips  River  on  the  east,  at  least 
as  far  as  the  Gordon  River,  though,  in  latter  portion  the  rocks  are, 
however,  of  a  more  highly  metamorphic  character. 

On  the  south  side  of  tlie  Kalgan  valley  there  is  a  distant  change 
in  tlie  character  of  the  rocks.  These  form  a  broad  strip  along  the 
south  coast  from  Cape  Riche  to  Point  d'Entrecasteaux,  and  also 
makes  its  appearance  westward  of  the  Darling  fault  at  Cape 
Leeuwin. 

In  this  valley,  which  lies  between  the  two  range  lines,  beds  which 
contain  marine  fossils  referable  to  the  Tertiary  Period  are  met  with 
a  few  miles  to  the  eastward  of  the  railway  line  and  extend  from 
that  point  to  Cape  Riche,  thus  proving  that  at  no  very  remote  period 
it  was  submerged. 

From  the  foregoing  it  will  be  apparent  that  this  valley  has 
been  formed  by  marine  and  fluvatile  agencies  along  a  shear  zone 
which  exists  at  the  contact  of  the  igneous  and  met  amorphic  rocks, 
and  that  this  is  of  probably  considerable  extent,  which,  being  the 
ease,  further  graphite  deposits  may  be  discovered  along  it  in  both 
an  east  and  west  direction,  while  those  situated  on  the  Donnellv 
River  and  at  Big  Brook,  which  lie  due  w^est,  may  also  prove  to  be 
situated  in  the  same  zone. 

So  far  as  can  at  present  be  determined  from  the  meagre  evi- 
dence afforded  by  the  highly  weathered  and  altered  rock  specimens 
available,  it  appears  that  the  rock  formations  in  wiiich  this  valley 
has  been  cut  are  composed  of  highly  metamorphosed  and  sheared 
ancient  sediments  which  have  been  tilted  at  a  high  angle,  and 
further,  that  the  graphite  deposits  which  always  occur  in  a  bed- 
like form  result  from  the  crystallisation  of  beds  rich  in  carbonaceous 
matter. 

General. 
Graphite   in   commercial   quantities   was   first   found   on   Plan 
tftgenet  Location  No.  27,  at  a  spot  about  a  mile  distant  from  the 
Kendenup  Homestead,  and  on  the  south  side  of  the  Kalgan  River. 
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Since  this  discovery  traces  of  the  mineral  have  been  found  on 
Location  No.  12,  to  the  east  of  the  Great  Southern  Railway,  between 
the  48-  and  49-mile  posts,  the  mileage  being  that  from  the  port  ot 
Albany. 

Also,  traces  have  been  reported  to  the  west  at  Mollyalup  Lake, 
but  such  were  not  located  by  the  wTiter,  though  there  seems  no 
reason  to  doubt  that  traces  were  found  in  this  locality.  The  geolog>' 
of  the  area  is  difficult  to  translate,  as  the  surface  is  for  the  most 
part  covered  over  with  recent  superficial  deposits,  and  outcroj>s  ot 
the  underlying  rocks  are  rare,  and  do  not  exist  at  all  to  the  soutli 
of  the  Kalgan  Kiver.  North  of  the  river  granite  outcrops,  and  it 
Avould  api)ear  that  the  river  marks  the  junction  of  granite  and  sedi- 
mentary rocks,  with  the  graphite  occurring  in  the  latter  rock.  V\i- 
fortunately,  the  nature  of  these  sedimentary  rocks  could  not  in  any 
instance  be  investigated  with  accuracy,  as  it  is  doubtful  whether 
the  unaltered  forms  outcrop  at  all,  and  in  the  mine  workings  tlie 
weathering  extends  below  the  deepest  level  yet  reached  and,  in  eon- 
sequence,  masks  the  characteristics  necessary  for  definite  classifica- 
tion. 

The  general  features,  however,  would  lead  one  to  suggest  ;i  sedi- 
mentary origin,  and  there  is  every  likelihood,  in  the  writer's  opinion, 
that  the  rocks  represent  much  weathered  schists,  shales,  or  allied 
sedimentarv  beds. 

Kendenup  Graphite  Mine. — The  accompanying  plan  (Plate 
VIIT.)  shows  the  extent  of  the  workings  of  this  deposit,  with  the 
exception  of  a  few  minor  ones  at  "the  surface,  since  fallen  in  and 
inaccessible. 

From  the  main  shaft,  at  a  vertical  depth  of  50  feet,  a  drive 
west  20  feet  in  length  passed  through  soft  ground,  throughout  which 
were  grains  of  scaly  crystalline  graphite,  A  sample  taken  across  the 
back  of  the  drive,  about  midway  between  shaft  and  end,  yielded  at 
the  hands  of  the  departmental  Chemist  12.10  per  cent,  graphite. 

From  the  same  level  a  drive  was  put  in  eastward  for  a  dis- 
tance of  '.]S  feet.  Towards  the  end  this  drive  was  diverted  to  the 
north,  and  in  consecpience  resolved  itself  into  half-drive  and  partly 
crosscut.  At  the  extreme  end  of  the  drive  a  hard  siliceous  band  was 
encountered,  the  thickness  of  which  was  not  determined.  A  sample 
of  this  siliceous  rock  w^as  submitted  to  the  Petrologist,  who,  on 
microscopic  inspection,  is  definite  in  his  decision  that  the  rock 
represents  a  much  crushed  quartzite,  throughout  which  are  innumer- 
able small  specks  of  gra]>hite.  Felspar  is  wholly  absent,  and  the 
quartz  veins  sliow  stress  figures  and  uniform  fracturing,  evidences 
of  strains  induced  in  the  rock  since  it  was  originally  formed. 
From  here  on  the  drive  was  diverted  to  the  east  and  continued 
for  a  distance  of  20  feet,  the  hard  band  being  on  the  north  side  of 
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the  drive.  This  portion  of  the  workings  could  not  be  inspected  })er- 
sonally  owing  to  the  fact  that  the  whole  of  the  drive  had  caved  in 
and  was  completely  filled. 


Starting  from  the  shaft,  one  can  readily  see  the  incrcjuse  in  thi^ 
graphite  contents  as  the  quartzite  is   ai)proachcd,   until,  lying   up 
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against  the  quartzite  itself,  extremely  rich  seams  of  the  mineral  are 
exposed.  This  is  also  borne  out  by  a  comi)arison  of  the  rough  sam- 
})Ies  taken,  the  value  in  percentage  of  graphite  increasing  in  direct 
ratio  with  proximity  to  the  (piartzite  band. 

The  mineral  occurs  for  the  most  part  in  isolated  scales,  the 
long  axes  of  which  appear  to  run  parallel  to  an  indistinct  foliation 
striking  approximately  east  and  west,  and  is  fairly  uniformly  dis- 
tributed. When  the  quartzite  band  previously  referred  to  is  ap- 
proached, these  scales  are  seen  to  increase  in  number  and  occur  both 
in  lenses  and  seams  or  veins  in  which  the  proportion  of  grapbite 
exceeds  that  of  the  gangue,  a  picked  sami)le  yielding  as  high  as 
80.54  per  cent,  of  the  mineral. 

The  full  extent  of  this  enrichment  was  hidden  from  inspection 
owing  to  the  caviug  in  of  the  workings,  and  it  is  unfortunate  for 
all  parties  concerned  that  the  mining  has  been  carried  on  in  such 
an  unsystematic  manner.  With  proper  mining  equipment  and  at 
small  expense  the  deposit  could  easily  be  developed  to  a  depth  of 
j^robably  100  feet,  for  the  water  is  negligible  to  a  vertical  depth  of 
60  feet,  and  the  ground,  though  heavy  in  places,  is  not  "diflicult'' 
ground. 

On  the  other  hand,  the  deposit  gives  promise  of  paying  its 
way  from  mineral  won  in  development,  for  there  should  be  con- 
siderable quantities  of  ore  available,  by  hand-picking  only,  which 
would  yield  60  per  cent,  grajihite  contents,  a  distinctly  marketable 
and  profitable  product. 

Shaw's  Mine. — This  property  is  situated  almost  due  east  from 
Kendenup  (vide  plan),  and  lies  about  400  yards  east  of 
the  48^,4 -n^ile  post  of  the  railway  line.  At  the  time  of 
my  inspection  there  was  practically  nothing  to  be  seen  ex- 
cept one  shaft,  which  had  been  sunk  to  a  vertical  depth 
of  25  feet.  The  rock  pierced  in  this  shaft  was  a  much 
weathered  clay  in  which  occurred  numerous  ironstone  nodules. 
Traces  of  graphite  in  the  form  of  minute  specks  and  occasional 
small  nodules  indicated  the  presence  of  the  mineral.  A  sample 
from  the  bottom  of  the  shaft  yielded  6.57  per  cent,  of  graphite. 
The  coarse  mineral  here  is  more  in  the  form  of  plates  than  scales, 
and  not  uncommonly  it  is  seen  to  be  very  fine  m  texture  too.  It 
does  not  assume  the  uniform  scaly  form  of  the  Kendenup  deposit. 

Outcrops  of  the  underlying  rocks  do  not  occur  in  the  vicinity, 
and  until  a  greater  de]ith  in  sinking  is  attained  the  nature  of  the 
rock  will  be  undeterminable  with  any  degree  of  accuracy,  though 
in  all  probability  it  will  be  found  to  be  a  continuation  of  the  same 
country  as  that  in  which  the  Kendenup  deposit  occurs. 

The  only  other  place  in  which  graphite  was  detected  was  in  the 
mud  banks  of  the  Kalgan  Kiver,  between  Kendenup  Homestead 
and  the  mine  of  that  name. 
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Here  a  sample  of  the  ordinary  swamp  mud  was  taken,  and  on 
drying,  distinct  grains  of  the  crystalline  mineral  could  be  seen 
when  examined  under  a  microscope. 

The  graphite  contents  on  chemical  analysis  proved  to  be  1.57 
per  cent. 

This  trace  of  graphite  is  important,  as  it  tends  to  prove  the 
existence  of  graphite  other  than  in  the  Kendenup  mine,  for  the 
spot  where  the  sample  was  taken  was  above  the  mine,  and  the 
mineral  could  not  possibly  have  come  from  that  source  unless  the 
lode  extended  fully  half  a  mile  westward.  It  would  be  interesting 
to  take  samples  further  up  the  hver  to  see  how  far  these  traces 
extend  and  thus,  may  be,  locate  their  origin. 

In  addition  to  the  samples  of  the  crude  ore,  two  samples  were 
also  taken  of  the  concentrates  bagged  for  shipping. 

These  yielded  46.63  per  cent,  and  54.38  per  cent,  graphite. 

The  concentration  has  been  earned  out  in  an  experimentnl 
plant  by  first  putting  the  ore  in  small  vortex  mixers  and  allowing 
the  whole  to  flow  on  to  a  shaking  screen  with  three  compartments: 
the  flow  is  into  the  centre  compartment.  In  practice,  the  fine  argil- 
laceous gangue  is  supposed  to  pass  through  the  screen,  whilst  the 
flaky  graphite  is  supposed  to  dash  out  of  the  centre  compartment 
into  the  two  end  ones  and  thereby  form  a  concentrate.  Unfortun- 
ately, it  appears  to  have  a  reverse  action,  the  fine  graplite  passing 
through  the  screen  and  the  gritty  gangue  remaining  on  top.  Cer- 
tainly the  concentrates  do  not  exceed  some  of  the  crude  ore  in 
^aphite  contents.  One  of  the  reasons  for  this  apparent  mistake 
Is  the  deceptive  appearance  of  the  size  of  the  graphite  scales,  which 
appear  on  first  sight  to  be  much  larger  than  they  are,  whereas 
probably  90  per  cent,  will  pass  a  40  mesh  (1,600  holes  to  a  square 
inch).  In  developing  the  mine,  the  writer  would  strongly  recom- 
mend a  system  of  mining  whereby  the  richer  or  northern  side  of 
the  lode  would  be  opened  out,  and  until  the  deposit  was  exploited 
sufficiently  to  warrant  a  proper  concentrating  plant,  let  hand- 
picking  and  shipping  the  crude  high-grade  ore  be  resorted  to.  The 
deposit  should  be  well  worthy  of  such  treatment. 
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APPENDIX     I. 


Table  of  Proximate  Analyses  of  Oraphile  from  the  Kendenup  Deposits^  madt  in 

the  Geological  Survey  Laboratory  by  H.  Bowley, 


G.S.L.  No. 
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9251. 
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Mark             
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4 

Moisture 

Volatile  matter  *    . , 

Graphite 

a\S11        ••                  ••                  ••                  •• 

2-99 

9-63 

6-57 

80-81 

2-26 

2-40 

36-58 
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80-54 
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3-63 

4-55 

18-22 

73-60 
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100-00 

100- 00 

100- 00 

10000 

Colour  of  Ash 
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Light 
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Infus- 
ible. 

Buff. 
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ible. 

2-96 
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46-24 

46-86 
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Semi- 
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G.S.L.  No. 


Mark 


Moisture 

Volatile  matter  * 
Graphite 
Ash     . . 


Total 


Colour  of  Ash 


Fusibility  of  Ash     . . 


9253. 


9254. 
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6 


4-24 

211 
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66-79 


100-00 
Brown. 


3-26 
12-59 
12- 10 
72-05 


100- 00 


Brown. 


Semi-       Infus- 
fused.        ible. 


8 


2-68 

3-83 

54-38 

39- 11 


Infus- 
ible. 


3-88 

4-74 

46-63 

44-  75 


92.57. 


Infufi- 
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10 

8-6(5 
13-82 

Vol 
75-95 


10000      100-00     100-00 

Brown.     Brown.      Light 

Bruw  n. 


1  ifll:*- 

ible. 


*  Mostly  nater. 
f  On  ignition  by  an  air-coal  gas  blast  in  a  platinum  crucible. 

2nd  August,  1916. 


DESCRIPTION. 

Vo,  pRMntk 

Gnphitc 

1  Token  from  bottom  of  Shaw's  Shaft 6-57 

2  Taken  at  east  end  of  drive  sii  feet  from  fooe,  acroes  book  of  _  - 

drive 36-58 

3  Picked  gampl«  from  one  of  the  veins "80-54 

*    Sample  across  back  of  drive  about  16  feet  from  face 18-22 

5    Bore-hole  slightly  inclined  Co  the  North,  about  silt  feet  deep. .     46-24 
8    Sample,  continuation  of  No.  5  into  North  Wall— where  broken 

do\™ 26-86 

7  Sample  from  back  of  West  drive,  about  12  feet  West  of  shaft  12- 10 

8  Shipping  sample,    lat  grade         ..  ..  ..  ..  ..  64-38 

d    Shipping  sample,  2nd  grade 46-63 

10    Sample  of  alluvial  in  Katgan  River  banks 1-57 
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In  the  low-grade  samples  the  ore  ix  of  a  dirty  reddish  colour  due  to  the 
^«enc^  of  a  considerable  amount  of  disaeminated  earthy  iron  oxide.  The 
iterial  has  a  roughly  banded  or  laminated  stnioture  with  frequent  lenticlea 

thin  bands  of  quartx  and  quartzite.  The  graphite  itself  occurs  in  small  folia 
booklets  of  aggregated  scales  as  well  as  in  confused  scaly  mosses  in  the  clayey 
tty  and  feiTUf[inous  laminated  gangue.  The  graphite  laminae  or  scales  are 
inged  generatly  with  their  flat  surfaces  parallel  to  the  imperfect  banding  or 
nioation.     Samples  have  been  found  which  show  a  diminution  in  the  amount 

iron  oxide  and  also  of  gritty  quartz,  but  the  presence  of  a,  considerable 
lount  of  a  canary  or  greenish- yellow  material  in  small  masses,  which  is  re- 
red  to  nontronite,  the  hydrous  iron  silicate.  The  presence  of  this  mineral 
Igests  thst  the  graphitic  deposit  has  been  produced  rather  by  dynamic 
Umurphism  of  carbonaceous  sediments,  than  by  igneous  pmanationa.     A 

lo  (granular  granite  is  also  present.     Samples  of  a  fairly  high  degree  of  purity 

to  80  per  cent — show  but  a  low  development  of  grit  or  earthy  iron  oxide, 
e  ore  in  these  cases  has  a  laminated  schistose  or  shear  structure,  with  the 
iai  (or  flaky  aggregates)  elongated  along  the  planes  of  schistosity.  These 
nplcs  are  dark  lead-grey  iu  colour  and  vciy  friable.  Interleaved  mica  woe 
:  observed  in  any  sample.  The  character  of  the  graphite  is  scaly  crystalline, 
I  the  size  of  the  scales  is  very  deceptive.  The  refined  product  in  bulk  ap- 
irs  quite  coarsely  scaly  with  the  individuals  about  the  size  of  a  pin-head  or 
nillimetro  in  diameter.  Examination,  however,  shows  that  these  apparently 
ire  scales  are  undoubtedly  scaly  aggregates  :  the  maiimum  sixe  of  scale 
KTved  did  not  much  eiceed  half  millimetre  in  diameter,  i.e.,  about  l/50th 
EiD  inch  to  1/40  of  an  inch,  whilst  the  vast  majority  of  the  scales  varied  in 
i  from  I/60th  of  an  inch  to  mere  specks.     .So  far  as  coald  be  seen,  however, 

were  crystalline,  though  determination  of  the  crystalline  or  amorphous 
iracter  of  minute  specks  is  vciy  diflicull. 

R.     A. 
list  August.  1916. 


102 


69.— THE  GEOLOGY  OF  THE  WATER  RESERVE  FIND 
AT  LINDEN,  NORTH-EAST  COOLGARDIE  GOLD- 
FIELD. 

(C.    S.    HONVAN.) 


WITH    ONE    FIGUBE. 
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Situation. 

The  main  open-cut  from  which  the  crushing  was  taken  by 
Messrs.  Love  &  Lowe  is  situated  in  the  Water  Reser\'e,  25  chains 
north-east  of  the  tank,  and  on  the  east  side  of  the  main  watercourse 
leading  to  the  tank.  The  tank  is  128  chains  24^  east  of  south  of 
the  Mt.  Linden  Trigonometrical  Station  W8. 

Geology. 

The  rocks  occurring  in  the  locality  are  fine-grained  greenstones 
and  ferruginous  quartzites  intruded  by  granite  and  porphyry.  The 
greenstones  are  schistose,  even  having  an  incipient  schistosity  de- 
veloped where  they  are  more  massive.  In  the  vicinity  of  Love  & 
Lowe's  open-cut  the  jrreenstone  schist  strikes  13°  east  of  north,  an<l 
the  porphyry  dykes  45°  east  of  north.  Massive  granite  occurs  five 
chains  south  of  the  open-cut,  and  half  a  mile  to  the  east  a  large 
granite  belt  abuts  the  greenstone.  Numerous  porphjTy  dykes  in- 
trude the  greenstones  in  the  vicinity.  The  greenstone  is  probably 
a  transmuted  doleritic  basalt.  Evidence  of  volcanic  origin  oceiir? 
in  many  places,  such  as  distinct  vesicular  structure  and  presence  of 
interbedded  agglomerate  schists.  One  band  of  the  agglomerate 
schist  occurs  west  of  the  open-cut. 
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Mixing  Geology. 

The  gold  occurs  in  a  "lode  formation"  whien  resembles  those 
at  Kalgoorlie,  possessing  the  most  important  characteristics  of 
saeh,  viz, : — 

(1)  Indefinite  walls.     Limits  of  the  "lode  formation"  only 

determinable  by  the  dish  prospects. 

(2)  Presence  of  "greasy  heads"  or  planes  of  parting  in  lode. 

The  best  gold  values  are  associated  with  these  heads. 

(3)  The  strike  of  the  lode  formation  crosses  the  strike  of 

the  country. 

(4)  Extensive  impregnations  by  carbonates. 

Fig.  12. 


MainOf^ 


/♦•    \  Oranite.    V     \ 


0  10 

Scmie  gf.O^ns 


A 


Geoloffleal  Sketeh  Plan  of  Workings  in  the  Water  Supply 
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The  *iode  formation"  strikes  between  70°  and  80°  west  of 
north  and  almost  at  right  angles  to  the  greenstones,  which  are  fre- 
quently cut  by  porphyry  dykes.  The  lode  apparently  persists 
through  the  porphyry,  as  gold  occurs  in  the  porphyry  on  the  line 
of  strike  of  the  lode.  The  experience  at  Kalgoorlie  is  that  lodes  are 
impoverished  where  they  occur  in  porphyry. 

The  "lode  formation"  is  practically  vertical,  being  associated 
with  "planes  of  parting"  or  "greasy  heads"  in  proximity  to  which 
small  quartz  veinlets  occur. 

A  crushing  taken  out  from  an  average  width  of  three  feet  gave 
a  return  of  1  oz.  per  ton  from  a  parcel  of  30  tons.  Considering  the 
unoxidised  nature  of  the  country  this  is  most  favourable,  since  the 
o^old  is  probably  all  primary. 
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The  "lode  formation"  cannot  be  followed  on  the  surface  except 
by  dish  prospects.  The  cap  of  the  lode  does  not  differ  in  appear- 
ance from  the  surrounding  country  rock.  When  opened  up,  the 
only  other  indication  apart  from  dish  prospects  is  the  ".greasy 
Jieads." 

Nine  chains  distant  from  the  open  cut  on  a  bearing^  of  282^ 
and  on  the  strike  of  the  lode,  a  similar  formation  has  been  opened 
up  having  the  same  strike.  There  is  no  indication  of  the  presence 
of  the  lode  on  the  surface  between  these  two  points,  except  that 
gold  prospects  have  been  obtained  at  intervals  on  the  line  of  strike. 

Three  chains  east  of  the  main  lode  a  similar  formation  has  been 
opened  up  striking  parallel,  but  on  this  not  much  work  has  been 
done. 

All  the  work  has  been  done  on  the  central  prospecting  area 
held  by  Messrs.  Love  &  Lowe. 

In  conclusion,  T  am  of  opinion  that  this  find  is  an  important 
discovery,  and  that  no  hindrance  should  be  put  in  the  way  of  its 
being  thoroughly  prospected  for  two  main  reasons: — 

(1)  Resemblance  to  the  "lode  formation"  of  Kalgoorlie. 

(2)  Occurrence  in  a  promising  mining  centre,  Linden,  and 
in  a  district  in  which  similar  geological  conditions  are  wide-spread. 

The  ex])erience  is  that  this  type  of  lode  lives  to  the  greatest 
depth  that  mining  has  attained  in  Western  Australia. 

It  must  be  borne  in  mind  that  the  find  is  totally  undeveloped, 
and  tliat  the  lode  may  he  greatly  interfered  with  by  porphyry  dyke^ 
and  possibly  by  granite  at  depth. 

13th  December,  1916. 
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(KALITY. 

This  (lei>osit  is  ex|H)sed  in  a  ciilting  upon  the  Bun  bury- Bridge- 
iivn  railway  line  about  one  mile  due  north  of  the  Newlands  Rail- 
ay  Station,  the  t-xact  locality  being  on  the  boundary  of  loeationn 
OS.  6  and  7  of  the  Preston  Apricultural  Area.  The  cutting  referred 
I  is  eitualed  at  the  top  of  a  steep  gradient  about  22  chains  in  length 
id  36  feet  deep  at  its  centre. 

HAHACTER. 

The  rock  e\]>osed  in  tiiis  cutting  consists  for  the  most  part  of 
^Ity  play,  but  near  the  centre  of  the  cnttinjr  a  kaolinitic  clay 
■ale  deposit  is  exposed  beneath  it  for  a  length  of  five  chains,  rising 
I  the  section  to  a  heittht  of  12  feet. 

This  shale  is  divided  from  the  sandy  clay  by  a  lateritic  layer 
hicli  often  contains  pebbles  of  rock  and  quartz  fragments  clearly 
'|)resenting  an  old  surface,  while  from  this  downwards  numerous 
oD-stained  veins  penetrate  the  white  shale,  colouring  a  considerable 
nrtion  of  it  a  deep  hue. 

The  i>resent  surface  of  the  ground  is  also  covered  by  a  lateritic 
? posit  which  gradually  passes  into  sandstone  to  the  westward, 
hile  to  the  eastward  at  a  distance  from  10  to  20  chains  the  granitic 
icks  outcroi>. 

This  sbale  deposit  clearly  belongs  to  the  nonnybrook  Series, 
■■  the  be<lH  are  identical  in  character  with  those  met  with  in  tlie 
orking  beneath  the  sandstone  on  the  Donnybrook  Qoldfleld. 

The  deposit  is  described  as  a  kaalinitic  clay  shale  owing  to  the 
ict  that  its  weathered  faces  on  drying  present  the  characi  eristic 
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cleavai?e,  this  is  lost,  however,  directly  it  become  wet,  when  it  be- 
comes massive  and  highly  plastic. 

The  light-coloured  portions  of  this  shale,  which  predominate, 
dry  a  dead-white  and  it  has  been  used  locally  for  white-wash,  very 
similai'  to  china  clay,  while  the  red  portions  become  lighter  in  colour 
in  drying. 

Extent  and  Thickness  op  the  Deposit. 

Owing  to  the  fact  that  outcrops  of  this  deposit  do  not  occur  it 
is  impossible  to  make  any  definite  statement  upon  this  point,  bat 
judging  from  the  fact  that  it  underlies  the  sandstone  series  near 
Donny brook  it  is  highly  probable  that  it  does  so  in  this  locality, 
and  should  this  prove  to  be  the  case  it  will,  of  course,  be  met  with 
beneath  the  sandstone  to  the  westward.  To  the  eastward  it  cannot 
extend  far  owing  to  the  presence  of  the  granite  in  that  direction, 
while  near  this  outcrop  it  is  highly  probable  that  it  has  been  re- 
moved to  a  considerable  depth  by  the  action  of  an  ancient  water- 
course, evidence  of  the  existence  of  which  is  furnished  by  the  de- 
trital  matter  which  is  exposed  overlying  it  in  the  cutting  section. 

To  the  northward  the  surface  falls  steeply  into  a  fairly  deeji 
valley  which  has  been  cut  through  the  granite  at  a  distance  of  some 
10  chains  from  the  cutting,  while  to  the  southward  the  surface  also 
falls  towards  the  Capel  River  at  Newlands. 

As  previously  stated,  a  thickness  of  12  feet  is  exposed  in  the 
deepest  part  of  the  cutting,  while  a  small  bore  hole  put  down  at  this 
point  proved  it  to  extend  for  a  further  depth  of  six  feet,  the  total 
thickness  of  the  bed  is,  however,  not  proved,  since  this  was  not 
penetrated. 

Inference. 

The  impression  created  from  an  extensive  study  of  the  sur- 
rounding district  is  that  the  railway  line  follows  the  direction  of 
an  ancient  valley  cut  by  stream  action  either  at  or  close  to  the  con- 
tact line  of  the  granite  with  the  Donnybrook  Series,  and  at  this  par- 
ticular point  the  deepest  portion  of  this  old  valley  lies  on  the  east- 
ern side  of  the  cutting  close  to  the  granite  outcrop.  In  which 
direction  this  old  river  flowed  has  not  yet  been  determined,  but  it 
would  appear  that  at  this  point  the  shale  deposit  was  exposed  in 
its  bed,  or  rather  u|)on  its  western  bank  in  bend  of  the  stream. 

Owing  to  either  more  recent  earth  movements  or  to  stream 
capture,  this  ancient  valley,  instead  of  being  occupied  by  one  stream 
flowing  in  a  definite  direction,  is  now  occupied  by  two,  one  flowm? 
north  into  the  Violet  Brook  and  one  south  into  the  Capel  Ri^^^' 
while  that  portion  of  the  valley  at  which  the  cutting  is  situated,  an'i 
which  now  forms  the  w^ater  parting  of  these  two  streams,  has  been 
filled  in  by  the  sandy  clay  and  detrital  matter  exposed  in  the  npp^^ 
portion  of  the  cutting  section. 
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The  red  atflining  of  porlioDs  of  this  deposit  will  probably 
id  to  extend  only  !<o  far  as  the  shale  bed  was  at  one  time  i 
*d  to  atmospheric  sction,  and  is  directly  due  to  the  dowawe 
neation  of  the  ferruginous  solntions  from  its  lateritic  coverii 
«fore  in  Ihe  extension  of  tiiis  bed  beneatb  the  sandstone  to  t 
tward  it  will  most  probably  be  found  to  be  all  white. 

The  object  of  the  inspection  was  to  ascertain  whether  this  < 
t  was  of  sufficient  extent  to  warrant  the  erection  of  works  I 
manufacture  of  rooting  tiles,  upon  which  point  no  definite  sta 
t  can  be  made  until  it  has  been  further  tested  by  boring,  sit 
I  clear  that  only  that  portion  of  the  bed  which  is  iron-stain 

he  of  any  value  for  making  red  tiles,  but  judging  fi^m  the  ( 
ire  in  the  cutting  which  averages  five  feet  in  height  by  a  lenj 
five  chains,  to  which  may  be  a<lded  roughly  another  six  fi 
i-e<l  by  boring,  tiiere  is  eiery  promise  of  the  existence  of  amj 
crial  here  for  all  reijuircnicnts  for  many  years  to  come. 

tABILITV  OF  THE  MatF.RIAL  FOR   TiLE  MAKING. 

Mr.  Simpson,  the  Mineralogist  and  Chemist,  in  his  rep( 
>pendij  I.),  speaks  in  the  highest  terms  of  the  suitability  of  t 
uginouH  portion  of  tiiis  clay  for  the  manufacture  of  roofl 
,  tliough  only  a  very  small  amount  of  reil  clay  is  suited  for  t 
ing,  and  the  red  and  while  could  not  be  mixed  al  all  for  tl 
])ose.  The  writer  has  seen  a  very  fine  sample  of  terra-col 
B  ia  the  form  of  a  water-bottle  owned  by  one  of  the  local  re 
8  and  manufactured  from  the  red  clay,  and  also  a  jug 
mic  ware  equal  in  appearance  to  the  Doulton  art  ware,  whi 
ir  was  manufactured  from  the  while  portion  of  the  clay. 

Before  any  definite  steps  are  taken  to  work  this  deposit 
Id  be  advisable  to  put  down  a  few  shallow  bores  with  a  hai 

with  the  object  of  not  only  proting  the  existence  of  shale 
nilar  character,  but  also  the  thickness  of  the  over-burden,  whi 
r  will  be  of  material  importance  in  selecting  the  position  m< 
ible  for  opening  up  a  qiiarry.  One  or  two  deeper  bore-ho! 
It  also  with  ailvantage  be  put  down  with  the  object  of  asct 
ing  the  thickness  of  the  bed,  while  the  core  would  furnish  a  go 

of  colour  of  the  mixe<l  clays. 

CLUSIONS. 

1.  The  red  material  is  admirably  suitable  for  the  manufactu 
I  high-class,  durable,  and  non-porous  roofing  tile  of  excelle 

2.  That  so  tar  ai  can  be  judged  the  deposit  is  of  consideral 
nt. 

3.  Its  position  lea>es  little  to  he  desired,  since  a  siding  ci 
y  be  constructed  into  the  quarry  face;  the  only  drawback  w 
he  railway  freight,  as  it  is  situated  at  a  distance  of  141  mil 
I  Perth. 

Bt  August,  1916. 
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THE  CHEMICAL  AND  PHYSICAL  PROPERTIES  OF  TWO  CLAYS 

FROM  NEWLANDS. 

(E.  S.  Simpson.) 
fri.f^^®  *^u  ^^P^^  P^  clay  from  Newlands,  in  the  Donnybrook  Dis- 

S  X:'':^^fZ\i  Them.'  ^"^^'^  o^  Campbellfield   (Victoria) 

P/it/Mcai    Characters,— Both    local    clays    were    very    plastic    and 

BuS'^  ^'^^  ^^^r^'  ^.^^\^^  '^'  ^  ^^"^^  ^^  ^^^'^  from  th^sLnS 
wet  IpIh'  Xh'^."'' k^""/^  character.  One  clay  was  greyish  white  when 
wet,  dead  white  when  dry;  the  second  was  of  a  brownish  red  colour. 
1  he  Victorian  was  very  similar  to  the  white  clay  from  Newlands. 

Chemical  CompostUon,—The  following  are  the  results  of  analvsea 
made  or  these  clays: — 

2264.  2265.  2408. 

White  clay.    Red  clay.  Campbellfield. 

Sihca,    SiOj 65.45  61.39  70.99 

Alumina,   AljOa 
Iron   peroxide,   FejOa 
Iron  protoxide,  FeO    .  . 
Manganese  protoxide,  MnO   . . 

Lime,  CaO         

Magnesia,  MgO 
Soda,    NajO 
Potash,    KWO     . . 
Water  lost  above  100* 
Water  lost  below  100** 

Totals 

The  analyses  were  made  on  thoroughly  air-dried  samples,  and  show 
that  there  is  a  considerable  difference  in  the  composition  of  the  Vic- 
torian and  local  clays,  the  latter  containing  more  kaolin  and  less 
quartz  and  felspar  than  the  former. 

Firing  Tests. — Briquettes  were  made  of  each  clay  separately  and 
of  a  mixture  of  90  per  cent,  of  raw  2264  with  10  per  cent,  of  raw  226o, 
as  it  was  thought  the  former  by  itself  might  not  be  sufficiently  fusible 
for  the  manufacture  of  stoneware,  whilst  the  latter  by  itself  was 
expected  to  be  too  fusible.  Also  mixtures  of  75  per  cent,  raw  2264 
with  25  per  cent,  burnt  ditto,  and  of  75  of  raw  2264  with  25  per  cent,  of 
washed  Perth  sand.  (The  latter  was  not  a  success.)  Specimen  briquette? 
after  drying  in  the  air  and  then  by  steam  were  fired  at  temperatures  of 
1,050%  1,250%  and  1,400°   (Centigrade),  with  the  following  results:— 

2264.— NEWLANDS  WHITE  CLAY. 

At  1,050°. — Temperature  too  low  to  yield  anything  but  a  porous 
brick. 

At  1,250°. — Product  a  grey  vitrified  brick  with  a  porosity  (water 
absorption  by  weight)  of  1  per  cent.  Temperature  too  low  to  give  good 
stoneware. 

At  1,400°. — Product  a  light  grey  well  vitrified  mass  devoid  of 
porosity  and  of  great  strength.  Burnt  at  this  temperature  this  olay 
should  yield  an  excellent  drain  pipe  or  other  vitrified  body,  which,  indjj- 
ing  from  the  analysis  of  the  raw  clay,  should  take  a  salt  glaze  well.    The 
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lafest  fault  of  the  clay  is  the  large  Bbrinkige  it  undergoes  in  drying 

i   burning,  viz.:  — 

Wet  moulded.  Steam  dried.       Burnt. 
Mean  linear  ditiienBions      ..  100  91.9  81.2 

Mean    volumes         . .  100  77.6  53.6 

The  shrinkage  in  diameter  of  a  hollow  pipe  will,  of  course,  be  mucb 

i  than  in  a  solid  briquette. 

2265.— NEWLANDS  BED  CLAY. 
At  1.0.10°. — Yielda  a  good  hard  porous  mass  of  a  pleasing  terra 
1A  colour  and  smooth  surface,  suitable  for  tiles,  flower  pots,  etc. 
rosity,  17.1  per  cent.  Six  Marseilles  tiles  of  different  brands  had 
'Osities  ranging  from  9.3  to  17.5  per  cent.,  the  mean  being  13.7  per 
t. 
At  1,2.10°. — Gave  a  very  dark  red  vitrified  mass  showing  signs  at 
edges  of  fusion.     Porositv.  0.3  per  c«nt.    Shrinkage:  — 

Wet  moulded.  Steam  dried.       Burnt. 
Mean    linear   dimensions    .  .  100  92.1  81.1 

Mean    volumes         . .  .  .  100  7S.2  53.3 

This  elay  appears  to  be  unsuited  by  itself  for  making  stoneware, 
might,  however,  be  used  as  a  slip  glaze  for  the  white  dav,  or  if  the 
:er  be  not  abundant,  in  admixture  with  it  for  the  body  of  the  ware. 

IWLANDS  MIXED  PLAY  (90  per  pent.  White,  10  per  cent.  Bed). 
This  gave  results  similar  to  those  obtained  with  the  white  elay.  The 
lilting  masses,  however,  were  not  as  good  either  in  texture  or  colour 
those  civen  by  the  white  cloy  alone,  due  possibly  to  imperfect  niix- 
,  neither  «ai  the  shrinkage  any  less, 

NEWLAXDS    WHITE—MIXED,    BUENT.    AND    BAW. 
This  gave  a  well  vitrified  mass  when  burnt  at  1,400°.     Numerous 
■rnal  flaws  were  noted,  and  were  probably  due  to  insufficient  grinding 
the  burnt  brick,  which  was  only  made  to  pass  a  30-mesh  sieve.     The 
inkage  nas  reduced  to  the   following  figures,  viz.: — ■ 

Wet  moulded.  Steam  dried.       Burnt. 
Mean    linear   dimensions    .  .  100  M..")  S.l.fi 

Moan    volumes         ..  ..  100  79.1  !5S.,1 

240fi— CAMPBELL  FIELD   CLAY. 
Raw  Campbellfleld  clay  burnt  at  1,400°   gave  a  mass  not  quite  so 
I   vitrified,   and   hence  neither   so   impervious  nor   so   strong   as   the 
viands  clavware.     The  shrinkage  was,  however,  much  leas. 

Wet  moulded.  Steam  dried.       Burnt. 
Mean   linear   dimensions    .  .  100  93.1  87.5 

Mean    volumes  . .  100  S0.7  67.0 

CoiirlimiOTig. — There  is  consiilerable  difference  in  composition  he- 
ill  the  Victorian  and  Newlands  wiiite  clays,  resulting  in  differences 
whnviour  on  burning.  The  Newlands  white  clay  yields  a  very  well 
ified,  non-pornus,  lough  but  much  shrunken  ware;  the  Victorian  elay 
ds  a  ware  less  well  vitrified,  slightly  porous,  and  less  tough,  but 
ring  much  less  shrinkage.  The  phrinknge  of  the  Newlands  white  clay 
be  reduced  by  mixing  with  a  suitahlel  prouortion  of  previously  burnt 
.  and  should,  with  careful  handling,  yield  an  excellent  drain  pine 
rther  vitrified   ware. 

The  Newlands  red  clav  is  not  well  suited  for  making  drain  nine  or 
■r  stoneware,  as  it  might  easilv  be  nverbumt.  Tt  would  vield.  how- 
,  an  excellent  roofiuf  tile  or  other  similar  ware  if  burnt  at  a  lower 
ncr-it'iie   (about  I.O.iO"   C.). 
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PREFATORY    NOTE. 


Two  totally  distinct  classes  of  geolo^cal  survey  work,  neces- 
s«n'  to  meet  public  recjuirements,  are  carried  out  by  the  Department 
as  opportunity  offers,  viz: — 

(a)  reconnaissance    surveys    and    explorations,    covering?    in    a 
general  way  large  tracts  of  country;    and 

(b)  systematic   detailed   mapping  and   description   of  less   ex- 
tensive and  individual  mining  areas. 

As  has  already  been  pointed  out,  not  the  least  important  class 
of  geological  work  in  such  a  partially  developed  cf)untry  as  Western 
Australia  is  that  represented  .by  the  former.  Reconnaissance  sur- 
veys of  this  kind  should  theoretically  precede  the  occupation  of 
the  country  for  mining  and  other  utilitarian  purposes,  and  for  a 
good  many  years  to  come  must  in  the  very  nature  of  tilings  remain 
the  only  scientific  method  possible  of  dealing  with  those  very  large 
areas  of  Western  Australia  which  lie  beyond  the  boundaries  of 
connected  settlement.  Geological  suneys  of  this  nature  pretend, 
of  course,  to  nothing  more  than  broad  generalised  field  work  of  a 
nature  sufficient  to  furnish  a  sketch  of  such  of  the  main  geological 
outlines  of  the  areas  explored  in  so  far  as  they  have  any  bearing 
upon  economic  questions,  the  working  out  of  the  strictly  scientific 
problems  arising  from  the  field  work  having  of  course  to  be 
deferred. 

Several  such  reconnaissances  have  already  been  made,  viz: — 
King  Leopold  Plateau  (Kimberley  Division)  in  1901;  the  country 
between  Wiluna,  Hall's  Creek  and  Tanami  in  1908-1909;  the  out- 
lying portions  of  the  North  Cooljjardie  and  East  Murchison  Grold- 
fields  in  1911 ;  and  parts  of  the  Xorth-West,  Central  and  Eastern 
Divisions,  between  Longitudes  119°  and  122°  East  and  Latitudes 
22°  and  28°  South,  during  the  field  seasons  of  the  years  1912-13-14. 
To  these  must  now  be  added  that  of  the  country  between  Laverton 
and  the  South  Australian  border  (near  South  Latitude  20°),  the 
results  of  the  survey  of  which  form  the  subject-matter  of  the 
present  publication. 

The  main  purpose  of  this  ex]:edition  was  the  investigation  of 
the  mineral-bearing  country  in  the  immediate  neighbourhood  of 
the  Warburton  Rani*e,  reported  by  Mr.  Frank  Hann  in  1903.  This 
ex[>lorer  forwarded  samples  of  the  rocks  and  minerals  to  the  Geo- 
logical Sun*ev  office  for  examination  and  assay  on  his  return  from 
the  border.     The  collection,  coupled  with  Mr.  Haun's  notes,  demon/- 


strated  quite  clearly  that  in  its  geological  constitution  the  district 
resembled  in  many  essential  respects  that  which  characterised  the 
goldfields  areas  of  the  State.  In  the  more  immediate  neighbourhood 
of  the  Warburton  Range  the  country,  according  to  Mr.  Hann's 
data,  was  traversed  by  quartz  reefs,  samples  from  which  when 
assayed  in  the  Survey  laboratory  proved  to  be  demonstrably 
auriferous. 

The  matter  of  an  examination  of  this  portion  of  the  State  was 
first  contemplated  in  the  year  1905,  but  it  was  only  in  1916  that  the 
Minister  for  Mines  authorised  the  despatch  of  a  party  for  the  pur- 
pose. After  innumerable  delays  inseparable  from  the  equippins 
of  such  an  expedition  the  party,  consisting  of  two  field  geoloflfists 
(Mr.  II.  W.  B.  Talbot  in  command,  and  E.  de  C.  Clarke),  four  camp 
assistants,  and  sixteen  camels,  left  Laverton  in  June,  1916,  pnn 
visioned  for  six  months.  The  main  |)urpose  of  the  exi)edition  wj^. 
as  set  out  in  the  general  instructions  to  the  leader,  Mr.  Talbot,  "the 
investigation  of  the  mineral-bearing  country  in  the  more  immediate 
neighbourhood  of  the  Warburton  Range  reported  by  Mr.  Frank 
Hanii  in  1903.  To  give  full  effect  to  this,  work  should  be  eenterel 
upon  (a)  the  areal  distribution,  (b)  mode  of  occurrence,  (c)  tlie 
geological  relationships,  (d)  the  actual  and  potential  value  of  the 
mineral  resources  of  the  country,  and  (e)  the  study  of  the  struc- 
tural features  of  the  formation  in  which  the  deposits  are  eontaine^i 

The  official  instructions  also  set  out  that  "owing  to  the  late- 
ness of  the  season  it  is  recommended  that  the  most  direct  route  t(» 
the  Warburton  Range  should  be  taken  with  the  object  of  being  ahle 
to  devote  as  much  as  possible  of  the  remaining  portion  of  the  winter 
season  in  investigations  in  the  district.'' 

Leaving  Laverton  an  east-north-easterly  course  was  followe«i 
to  a  native  well  on  Lilian  CVeek,  on  the  north  side  of  the  Townsen*! 
Range,  where  a  depot  camp  was  established  from  which  three  flyini: 
trips  were  made,  which  lasted  from  the  21st  to  the  28th  of  August, 
from  the  30th  of  August  to  the  19th  of  September,  and  from  tht 
23rd  to  the  28th  of  September,  res[)ectively. 

On  the  night  of  the  10th  of  September  the  travelling  part> 
was  attacked  by  the  natives  at  Mount  Gosse,  one  of  the  mer.. 
J.  W.  Johnson,  being  severely  wounded,  and  the  leader,  Mr 
H.  W.  R.  Talbot,  receiving  some  minor  injuries  from  which  l'** 
rai)idly  recovered.  After  returning  to  the  depot  camp  Johnson 
failed  to  make  a  recovery  and  it  was  found  necessary  to  bring  lun 
back  to  1  averton  for  expert  treatment.  The  whole  party,  tliere- 
fore,  returned  to  Laverton,  the  journey  occupying  thirty-one  days  \ 
thus  curtailing  the  time  available  for  field  work  by  fully  a  month. 

While  very  valuable  and  noteworthy  additions  were  made.  n«»- 
imly  to  the  geology,  but  also  the  physical  geography  of  the  count n 
traversed,   the  area  of  possibly   auriferous  country  discovered  aj>- 


pears  to  be  small;  but  there  are  good  p"oimds  for  believing  it  to 
extend  much  farther  to  the  north-west  and  south-west  than  it  was 
possible  for  the  exploring  party  to  penetrate.  Although  the  samples 
collected  by  the  party  proved  to  be  but  slightly  gold  bearing,  the 
area  would  desen-e  further  i)rospecting  if  not  so  far  removed  from 
all  mining  facilities  that  only  very  rich  ''shows"  could  have  any 
hope  of  being  profitably  worked,  lender  any  circumstance,  before 
prospecting  could  be  safely  or  economically  carried  out  it  would 
be  necessary  to  sink  at  least  two  reliable  wells  along  the  desert 
route  from  Jjaverton  to  the  Townsend  Range,  and  also  a  good  well 
in  the  Warburton  Ranges,  as  well  as  to  search  for  a  further  ex- 
tension of  the  metamorphic  basic  igneous  rocks  (greenstones)  be- 
tween the  Warburton  and  the  Rawlinson  Ranges. 

During  the  journey  the  combined  scientific  and  utilitarian  ob- 
jects of  tlie  department  have  been  steadily  kept  in  view,  for  so 
closely  are  pure  science  and  industrial  progress  associated  that  at 
any  moment  what  might  be  supposed  to  be  a  matter  of  purely 
theoretical  importance  might  be  discovered  to  be  of  highly  practical 
significance  and  vahie.  In  the  Wilkinson  Ranges,  in  Latitude  South 
2(5°  30'  there  was  discovered,  associated  with  a  series  of  current 
bedded  sandstones  and  tine  mudstones,  an  extensive  and  definite 
!)oulder  bed  about  fifteen  feet  in  thickness,  of  glacial  origin.  This 
important  discovery  is  of  more  than  local  significance.  The  precise 
position  in  the  geological  time  scale  of  tliis  interesting  and  im- 
portant deposit  cannot  be  definitely  fixed,  though  the  somewhat 
meagre  evidence  at  present  available  points  to  the  series  being  of 
a  late  Mesozoic  or  Tertiary  aee. 


Government  Geologist. 

Cicological   Suney  Ollice, 

Perth,  22nd  January,  1918. 
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I.— CHARACTER  AND  RESULTS  OF  EXPEDITION. 

No  other  remote  portion  of  this  State  has  been  visited  by  so 
many  explorers  as  that  just  north  and  south  of  the  26th  parallel  of 
latitude  and  between  longitude  126°  and  the  South  Australian  border 
(see  Frontispiece).  From  this  region  have,  from  time  to  time,  been 
brought  specimens  of  rocks  resembling  those  associated  with  the 
auriferous  formations  of  the  goldfields.  The  impression  has  thus 
been  created  that  this  country  is  mineral-bearing,  and  therefore 
deserves  geological  examination.* 

As  far  back  as  19()5  such  an  examination  w^as  contemplated 
by  the  Government,  but  for  various  reasons  it  was  decided  to  post- 
pone the  work  and  it  was  not  until  May,  1916,  that  instructions  were 
issued  by  the  Hon.  the  Minister  for  Mines  that  an  expedition  to 
examine  and  report  on  the  country  in  question  was  to  be  undertaken 
as  early  as  possible.  With  this  end  in  view  a  party  consisting  of 
two  Field  Geologists  and  four  camp  assistants  with  16  camels,  pro- 
visions for  six  montlis,  and  the  necessary  equipment,  left  Laverton 
on  29th  June,  1916.     A  general  east -north-easterly  course  was  fol- 


*  This  subject  is  discussed  on  pp.  146  and  147. 
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lowed  to  a  native  well  on  Lilian  Creek  on  the  north  side  of  Town- 
send  Kange.  Here  a  deitot  was  established,  from  which  flying  trijFS 
with  ridiny  camels  were  made  llmmgli  llie  eountry  to  tbe  norlli- 
wards  and  eastwai-ds. 


1. 
SI 


The  party  was  attacked  by  blacks  at  Mt.  Gosse,  one  of  the 
n  beinji  severely  wounded  and  the  leader  receivin!r  minor  injiirii'S- 
was  found  necessary  to  brinp:  (be  wounded  man  back  lo  Laverton 
f  proper  medical  treatment,  and  the  time  available  for  field-work 
a  thus  curtailed  bv  fullv  a  inonlh. 
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For  information  of  future  travellers  it  may  be  noted  that,  during 
our  journey,  blacks  were  very  scarce  between  Laverton  and  the 
Townsend  Range.  Between  Townsend  Range  and  the  South  Aus- 
tralian border  they  were  fairly  numerous  but  very  wild.  Probably 
there  is  amongst  them  a  certain  number  of  "outlaws"  from  civilized 
parts.  It  will  be  necessary  for  parties  to  keep  watch  at  night  if 
they  suspect  that  blacks  are  in  the  vicinity. 

The  expedition  was  fortunately  made  towards  the  close  of  a 
good  season,  so  that  little  difficulty  was  experienced  in  finding 
sufficient  water  at  all  stages.  But  for  our  enforced  early  return,  a 
larger  area  of  country  would  have  been  mapped,  and  a  much  more 
accurate  conception  of  its  geology  gained. 

From  the  time  the  party  left  Laverton  until  it  reached  Mt. 
Gosse  no  points  accurately  located  by  survey  were  touched,  although 
most  of  the  hills  had  been  visited  by  explorers  and  their  positions 
indicated  on  the  map  with  as  great  a  degree  of  accuracy  as  can 
be  expected  in  exploratory  work  of  this  character. 

On  leading  Laverton,  a  compass  traverse  was  begun,  distances 
being  estimated  by  the  time  taken  in  travelling  between  various 
jioints,  and  frequent  obsenations  were  made  to  determine  the  lati- 
tude. When  the  traverse  from  Laverton  to  the  trigonometrical 
survey  station  at  Mt.  Gosse  was  calculated,  it  was  found  that  it 
closed  correctly  as  regards  latitude,  and  that  the  easting  had  been 
over-estimated  by  .170  chains.  In  a  traverse  of  over  500  miles,  this 
is  less  than  a  half  of  one  per  cent.  The  error  was  apportioned  over 
the  traverse,  and  the  route  as  shown  on  the  maps  attached  to  this 
report  is  probably  as  accurate  as  a  compass  reconnaissance  can  be. 

In  the  vicinity  of  the  C^avenagli,  Blackstone,  and  Morgan 
Ranges  the  rocks  were  so  highly  magnetic  that  they  materially 
affected  our  compasses;  and  in  other  localities  occupied  by  acid 
rocks,  such  as  Mt.  Squires,  Warburton  Cairn,  and  Lightning  Rock, 
compass  bearings  were  unreliable  although  the  local  attraction  was 
not  nearly  so  great  (less  than  3**)  as  in  proximity  to  the  gabbro^ 
and  dolerites. 

Readings,  usually  with  three  aneroids  and  two  thermometers, 
together  with  meteorological  notes,  were  taken  at  nearly  everj-  camp, 
and,  during  September  and  October,  at  9  a.m.  and  3  p.m.  (mean 
State  time).  The  readings  weJre  used  for  the  calculation  of  the 
heights  recorded  on  the  map   as  follows: — 

They  were  corrected  for  index  error  (and  diurnal  variation 
if  necessary)  and  the  mean  reading  for  the  two  or  three  aneroids 
was  taken  as  the  reading  for  the  spot.  The  barometric  reading 
for  the  same  time  at  I>averton  (and  occasionally  in  the  eastern  part 
of  the  trip,  at  Charlotte  Waters  also)  corrected  for  temperature 
was  further  corrected  if  necessary  by  inspection  of  the  isobars  on 
the  Commonwealth  Weather  Chart  for  the  day.  The  required  height 
was  then  obtained  by  the  formula  quoted  on  p.  87  of  the  "Text 


16 

Book  of  Topographical  Surveying*'  by  Major  C.  F.  Close,  issued 
by  the  War  Office.  The  heights  are  entered  on  the  map  to  the  near- 
est multiple  of  10  feet. 

With  the  exception  of  a  few  stations,  the  heights  of  wkich  have 
not  been  placed  on  the  map,  discrepancies  between  the  two  sets  of 
observations  taken  between  Laverton  and  Townsend  Range  on  the 
outward  and  inward  journeys  did  not  exceed  50  feet.  In  spite, 
therefore,  oB  the  fact  that  heights  determined  by  us  between  Barrow 
and  Cavenairh  Ranges  exceed  those  of  the  Elder  Expedition  by  two 
or  three  hundred  feet,  we  regard  ours  as  more  nearly  correct. 

Mr.  E.  B.  Curlewis  of  the  Conunonwealth  Meteorological 
Bureau  lias,  by  the  standardisation  of  our  instruments,  by  supply 
of  required  data,  and  by  helpful  suggestions  contributed  largely 
to  the  success  of  this  part  of  our  work. 

Owing  to  the  nature  of  the  traverse,  the  great  extent  of  the 
area  mapped,  and  the  limited  time  at  the  disposal  of  the  party,  no 
detailed  geological  mapping  was  undertaken.  Practically  every 
rock  outcrop  passed  was  examined  and  noted,  and  from  the  in- 
formation thus  gained  and  the  general  topography,  the  boundaries 
of  the  various  geological  formations  were  drawn.  One  hundred 
and  thirty-four  of  the  rock  specimens  collected  were  brought  back 
tu  Perth  (see  Appendix  B).  Most  of  these  have  been  examined 
and  determined  by  Mr.  R.  A.  Farquharson,  Petrologist  to  the  De- 
partment (see  Appendix  A). 

The  net  result  of  the  expedition  has  been  the  discovery  of  a 
small  area  of  probably  auriferous  country  (pp.  116-118),  of  a  fair 
extent  of  pastoral  land  (pp.  118-121),  and  of  a  number  of  facts  of 
considerable  scientific  interest. 

The  scientific  results  of  the  expedition  are  discussed  in  the 
next  two  chapters  and  in  the  appendices;  the  economic  pot^ibilitiftj 
of  the  region,  being  inferences  from  the  scientific  results,  are  sum- 
marised in  Chapter  IV. 

We  are  much  indebted  to  Mr.  F.  R.  Feldtmann,  Field  Geologist, 
for  his  reading  and  criticism  of  Chapters  I.  to  TV.  while  they  were 
in  MS.  form. 


IT.— DESCRIPTION  OF   COUNTRY. 

The  country,  from  the  point  at  which  the  traverse  commenced 
to  the  Townsend  Range,  is  typical  of  the  "desertl''  areas  of  the 
interior  of  the  State.  The  monotony  of  sandy  flats  and  sand-ridges 
is  relieved  occasionally  by  low  breakaway-cliffs.  None  of  these 
are  much  more  than  a  hundred  feet  high,  and  few  more  than  fifty 
feet,  but  so  flat  is  the  country  that,  from  the  top  of  one  breakaway, 
another  cliff  that  may  be  thirty  miles  away  shows  up  quite  con- 
spicuously. In  the  sandy  country  "spinifex"  is  the  j)redominant 
growth,  although  on  some  of  the  sandy  flats  there  are  occasional 
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clunips  of  mulga  and  thick  scrub.  "Desert"  and  "mallee"  gums 
are  ivtually  associated  with  the  "spinifex,"  and  in  places  there  are 
some  "wattles,"  quondongs,  and  other  bushes  which  afford  fair  feed 
for  camels. 

At  the  base  of  the  breakaways^  and  extending  out  from  them 
for  distances  varying  up  to  a  mile,  tliere  are  usually  loamy  flats 
on  which  grow  mulga,  salt-bush,  and,  after  rains,  grass  and  herbage 
of  various  kinds.  On  these  fringing  belts  the  traveller  can  usually 
find  a  fair  camp  for  camels  or  horses.  In  the  vicinity  of  the  break- 
aways, too,  are  found  water-holes  and  soaks  that  afford  the  only 
surface  water  of  the  region. 

Farther  east,  between  the  Townsend  Eange  and  the  8outh  Aus- 
Iraliaji  border,  the  country  is  of  quite  a  different  type  to  that  just 
described.  Rounded  hills  and  broken  ranges  take  the  place  of  the 
low  breakaways,  and  the  flats  between  them  are  often  formed  of  rich 
soil  which  in  a  good  season  supports  a  fairly  luxuriant  growth  of 
grass  and  flowers  of  different  kinds  in  addition  to  the  i)ermanent 
scrub. 

The  type  of  country  just  described  is  not  more  than  thirty 
miles  wide,  but  has  a  much  greater  range  from  east  to  west.  To 
the  north  and  south  a  monotonous  expanse  of  sand-ridges  witli 
occasional  low  breakaways  extends  to  the  horizon. 

III.— OUTLINE  OF  GEOLOOY. 

The  country  de^^cribed  in  this  report  is  most  conveniently  con- 
.-^idered,  from  a  geological  point  of  view,  in  three  st^ctions: — 

The  Warburton  Area,  in  which  sedimentary,  igneous  and  meta- 
morphic  rooks — some  like  those  of  Kalgoorlie,  etc. — are  developed, 
and  which  includes  all  the  country  between  Townsend  Range  and 
the  South  Australian  border; 

The  IhiTige*8  Hill — Townsend  Banffe  Section,  in  which  the  only 
"rocks*'  other  than  superficial  deposits,  so  far  discovered,  are 
horizontal  sediments  of  no  economic  value; 

The  Laverton-Ihtnge^s  Hill  Section,  in  which  rocks  common 
in  the  West  Australian  goldfields  are  found. 

The  main  geological  features  of  the  country  examined  by  us 
may  be  simply  described  as  follows* : — 

^•Greenstones^*  {i.e.,  greenish-black  doleritic  rocks  much  altered 
— "metamorphosed" — by  earth  movement  and  frequently,  but  mis- 
takenly, spoken  of  as  "diorite")  usually  very  fine-grained,  occu])y 
a  small  part  of  the  Warburton  Area  and  of  the  Laverton-Dunge's 
Hill  Section.  They  have  a  general  resemblance  to  some  of  the 
greenstones  common  in  Western  Australian  mining  centres.  The 
greenstones  are  broken  through    ("intruded")   by — 

Porphifrif  Dtfkes  and  Granite. — The  porphyry,  which  is  very 
prominent  in  the  Warburtcm  Area,  where  it  forms  three  very  large 

•  Proofe  of  the  statements  in  thto  Rcctlon  are  sobmitied  In  Chapter  IIT. 
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dykes,  is  a  hard,  dark,  flinty  rock  througfh  which  are  scattered  snail 
crystals  or  rounded  blebs,  about  the  size  of  currants,  of  quaitz  or 
pinkish  felspar.  The  granite  varies  a  great  deal  in  coarseness,  in 
tlie  amount  to  which  it  has  been  sheared  by  earth-movemens,  and 
in  colour,  but  forms  one  continuous  mass  with  (where  it  borders 
on  the  greenstones)  a  finer-grained  edge  composed  of  a  pcrphyry 
wliicli  has  not  the  crystals  and  blebs  of  the  dyke-porphyry  pre- 
viously mentioned,  and  which  looks  ratlier  like  quartzita  The 
porphyry  dykes,  as  well  as  this  porpliyry-edging,  though  v?ry  dif- 
ferent from  the  granite  in  appearance,  are  simply  finei^grained 
phases  of  it. 

In  the  Laverton-Dunge's  Hill  Section  the  granites  are  Uke  those 
of  the  Western  Au.stralian  goldfields;  hardly  any  porpliyry  was 
noticed. 

There  is  also  an  entirely  distinct  group  of  sedimentarif  rocks, 
the  majority  of  which,  being  composed  of  fragments  of  older  rock, 
are  termed  agglomerates,  greywackes,  etc.  The  rocks  of  this  group 
liave,  like  the  greenstones,  granites,  and  porphyries,  been  altered  by 
earth-movements  and  occur  in  small  patches  in  the  Warburton  Area. 
This  group,  which  is  of  no  economic  importance,  is  the  youngest  of 
the  Archaean  or  Pre-Cambrian  rocks.  Strata  somewhat  similar  in 
general  appearance  are  found  at  Kurrawang,  etc.,  near  Kalgoorlie. 

Breaking  through  (or  "intruding")  all  the  rocks  so  far  men- 
tioned are  long,  wall-like  dykes,  and  also  great  irregular  masses  {or 
"batholilhs")  of  rocks  which,  in  contrast  to  the  greenstones,  may 
be  called  "blacksiones."  The  blackstones  are  coarse  in  grain,  black 
in  colour,  and  jointed  but  not  sheared  like  the  greenstones.  They 
thus  frequently  form  steep  faces  which  look  like  rough  masonry 
(see  fig.  29).  Rocks  (gabbros,  norites,  and  dolerites)  exactly  like 
these  in  microscopic  structure  have  been  found  in  various  parts  of 
Western  Australia;  and  some  of  the  finer-grained  types  have  been 
found  to  cut  across  lodes  and  reefs  at  Sandstone  and  other  centres. 

Practically  nothing  is  known  as  to  the  ago  of  the  blackstones. 
but  in  the  Warburton  Area  they  are  probably  as  old  as  the  next 
group  of  rocks  which  has  been  called — 

The  Townsend  Range  Series,  becAuse  the  white  or  yellow 
quartzite,  of  which  Townsend  Range  is  compa*^ed,  forms  such  a  large 
part  of  it.  Volcanic  rocks,  conglomerates,  impure  limestones  (not 
to  be  C(mfused  with  **travertine,"  often  called  limestone,  which  is 
purely  a  surface-deposit  occurring  on  top  of  rocks  of  any  age) 
and  grits  lie  underneath  the  quartzites  in  the  Townsend  Range 
Series,  but  it  is  difficult  without  technical  detail,  given  in  the  third 
chapter  and  in  Apjiendix  A,  to  distinguisli  any  but  the  quartzite 
from  some  of  the  older  rocks  already  described.  In  order,  however, 
tliat  prospectors  may  know  whether  they  are  on  true  greenstone- 
countrv  (where  Ihev  nuiv  lind  reef-gold)  or  on  the  lower  beds  of  the 
Townsend  Range  Series   (where  tJiey  will  find  none)   it  should  be 
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suftitneut  for  them  to  note  the  geological  colours  and  their  own  posi- 
tion on   the  map  (Plate  II.)* 

The  geological  age  of  the  Townsend  Range  Series  is  thought  to 
be  Ordovician. 

A  great  inter\'al  of  time  elapsed  between  tlie  laying  down  of 
the  rocks  of  the  Townsend  Range  Series  and  that  of  the  next  group, 
which  occupies  all  the  Dunge's  Hill-Townsend  Range  Section,  and 
is  called  the  Wilkimon  Range  Series,  It  consists  of  horizontally 
l)edded  sandstones,  clay  stones,  and  boulder-beds,  probably  of  rather 
late  (Mesozoie  or  even  Tertiary)  age.  Though  of  no  known  econo- 
mic importance,  this  series  is  of  considerable  scientific  interest  be- 
cause there  is  evidence  that,  while  it  was  being  laid  down  in  the 
shallow  sea  which  then  covered  these  parts,  glaciers  flowed  down  to 
the  sea  from  the  north,  i.<?.,  from  the  tropics. 

Chapter  III.  contains  a  brief  summary  of  the  work  of  other 
geologists  in  and  near  the  country  traversed  by  us,  and  detailed  ac- 
counts of  the  various  formations  referred  to  above.  Persons  desir- 
ing information  only  on  the  economic  possibilities  of  the  region  will 
find  what  is  known  on  this  subject  in  Chapter  IV.  Those  reijuiring 
further  particulars  on  geological  matters  .will  find  in  Appendix  A. 
detailed  petrological  descriptions  of  rock-specimens,  arranged  in 
the  same  order  as  the  detailed  geology  of  chapter  III.  The  pages 
(either  in  Appendix  A.  or  elsewhere)  on  which  there  is  mention  or 
description  of  any  petrological  specimen  will  be  most  easily  found 
from  Appendix  B,  in  which  the  registered  numbers  of  specimens  are 
arranged  in  numerical  order. 

IV.— PLANT  AND  ANIMAL  LIFE. 

Had  it  been  possible,  throughout  the  trip,  for  one  man  to  devote 
his  time  to  botanical  and  zoological  notes  and  collections,  some 
interesting  additions  to  the  fauna  and  flora  of  Central  Australia 
would  probably  liave  been  made,  more  particularly  as  an  excep- 
tionally good  season  was  in  full  swing  over  the  region  we  traversed. 
The  best  we  could  do  was  to  make  a  fairly  complete  dried  collection 
with  notes  as  to  habitat,  etc.,  according  to  a  scheme  drawn  up  by 
Dr.  F.  Stoward  of  the  Agricultural  Department,  of  plants  found  in 
flower  on  the  outward  journey  to  Townsend  Range,  and  to  pre- 
sence, in  formalin,  specimens  of  the  phyllopo<ls,  etc.,  inhabiting  most 
of  the  water  holes.  The  botanical  specimens  and  notes  have  been 
handed  to  Dr.  Stoward,  who  has  very  kindly  undertaken  to  examine 
and  report  on  them.  The  phyllopods,  etc.,  have  been  given  to  Pro- 
fessor W.  J.  Dakin  of  the  University  of  W.A. 

It  is  r^;rettable  that  we  could  not  attempt  to  collect  the  many 
varieties  of  insects  (especially  butterflies),  lizards,  and  birds  which, 
under  the  exceptional  conditions,  were  very  abundant,  or  to  secure 
specimens  of  the  smaller  marsupials  which  no  doubt  occur  in  these 
parts. 
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A  specimen  of  the  ordinary  brown  snake  (Demansia  ntichaVs)f 
a  new  species  of  lizard  of  the  genus  Physignathus,  a  jerboa  rat 
(probably  Notomys  MUchelli),  and  tadpoles  {Lymnodynistes 
orfhatus)  were  presented  to  the  Perth  Museum  and  have  been  iden- 
tified by  Mr.  L.  Glauert. 

We  were  struck  by  the  almost  complete  absence  of  larger 
animals  from  the  tract  between  Townsend  Range  and  Laverton. 
In  this  distance  of  nearly  400  miles  the  only  marsupials  seen  were 
"spinifex  rats,"  two  or  three  rock  wallabies  and  one  kangaroo-  One 
dingo  (others  w^ere  heard  at  nights),  a  large  domestic  eat,  and 
several  rabbits  complete  the  list  of  land  animals  other  than  snakes, 
lizards  and  birds  which  Ave  observed  in  this  part.  That  it  has  sup- 
l)oi*ted  kangaroos  is  witnessed  by  the  remains  of  brush  "fences,'' 
probably  twenty  years  old,  used  by  the  blacks  in  their  hunting 
drives,  and  by  bleached  bones  on  old  camping  grounds.  Possibly 
kangaroos  make  periodical  incursions  in  different  directions,  only 
visiting  the  same  tract  at  long  intervals. 

In  the  Warburton  Area,  with  its  larger  extent  of  pastoral 
country,  there  would  appear  to  be  a  settled  population  of  kan- 
garoos, rabbits,  etc.,  which,  judging  from  their  shyness,  are  pretty 
constantly  harried  by  the  blacks. 

Regarding  plant-life,  two  facts  of  a  general  nature  arrested 
our  attention:  firstly,  as  we  travelled  east,  the  character  of  the 
flora  appeared  to  change  so  that  near  Laverton  and  the  South 
Australian  border  respectively,  different:  plant-associations  are  found 
occupying  country  similar  in  soil,  aspect,  etc.;  secondly,  it  wjv* 
frequently  found  that  a  plant-species  formed  a  notable  feature  in 
a  small  patch  of  country  and  then,  though  soil,  aspect,  etc.,  seeme<l 
unchanged,  disapi)eared,  to  reappear  in  another  pateh  perhaps  many 
miles  aw  a  v. 


Y._PKEVIOrS   EXPEDITIONS. 

The  first  explorer  to  visit  the  country  described  in  this  report 
wius  Mr.  W.  C  (iosse,*  Deputy  Surveyor  General  of  South  Aus- 
tralia, who,  in  1873,  set  out  from  Alice  Springs  in  South  Australia 
to  make  the  overland  journey  to  Perth.  He  penetrated  into  this 
State  as  far  as  the  western  end  of  the  Townsend  Range,  but  then 
had  to  turn  back  owing  to  want  of  water. 

In  1S7.S-74  Mr.  Ernest  Giles t  spent  several  months  in  tliJ* 
country  between  the  Warburton  Range  and  the  South  Australian 
border.  With  three  companions  and  twenty-four  horses  he  left 
Ross's  Waterhole  on  the  Alberga  River  in  South  Australia  on  4tli 
Augiast,  1873,  with  the  object  of  travelling  overland  to  the  settled 
districts  of  Wiestern  Australia.     He  crossed  the  Border  on  30th 


♦  Ooftse,  W.  C— "  Rejwrte  and  Diary  of  Mr.  W.  C.  Go!«so'b  Exi)edition  In  1878. 

S.A.  Pari.  Pap.  Xo.  48,  1874. 
t  Giles,  E. — "  Australia  Twice  Traversed."— London,  1899.    Two  Vols. 
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September,  and  from  that  time  until  the  end  of  the  following  June 
made  numerous  attempts  to  find  a  route  to  the  westward,  but  he 
wajj  unable  to  cross  the  desert  that  lies  west  of  the  126th  degree 
of  long^itude.  Twice  at  points  about  100  miles  apart  he  penetrated 
as  far  aw  lonj^itude  12.")  1/2°,  each  time  nearly  losing  his  life,  and, 
finally,  after  undergoing  great  hardships  and  losing  one  member 
of  his  party,  Gibson,  he  was  forced  to  retreat  to  South  Australia. 

In  March,  ]874\  ^lir.  (now  the  Right  Hon.  Sir  John)  Forrest,* 
with  his  brother  Mr.  Alex.  Forrest  as  second  in  command,  two  white 
men,  and  two  aboriginals,  commenced  his  successful  journey  to 
the  overland  telegraph  line  in  South  Australia.  He  reached  the 
north-western  edge  of  tlie  country  under  review  early  in  August, 
and,  following  an  east -south -east  course,  crossed  the  Border  on 
22nd  August,  reaching  his  objective  on  the  telegraph  line  on  27th 
September.  The  party  had  pack  horses  to  carry  the  provisions, 
and  at  times  suffered  from  scarcitv  of  water. 

In  1891  a  party  commanded  by  Mr.  David  Lindsayf  was  fitted 
out  by  Sir  Thomas  Elder.  It  left  Warrina  in  South  Australia  on 
2nd  May.  The  Border  was  crossed  near  Mt.  Agnes,  and  the  country 
in  the  vicinity  of  the  Cavenagh  and  Barrow  Ranges  was  visited. 
P>om  Mt.  Scjuires,  Lindsay  turned  south-westward  to  Queen  Vic- 
toria Si)ring,  Mr.  Victor  Streich  was  attached  to  the  party  as 
geologist.     Streich's  geological  work  is  referred  to  in  Chapter  III. 

In  1894  the  Hon.  D.  \V.  Carnegiet  and  *'one  Luck,*'  on  a  tra- 
verse northwards  from  Queen  Victoria  Spring  to  Mt.  Shenton, 
crossed  our  route  nearly  at  right  angles  in  the  vicinity  of  Point 
Salvation. 

On  November,  1895,  a  party  under  the  command  of  Mr.  S. 
if.  Hiibbe  i  left  Oodnadatta  in  South  Australia  with  the  object  of 
reporting  on  the  possibility  of  opening  a  stock  route  from  the 
settled  districts  of  South  Australia  to  the  Eastern  Goldfields  of 
this  State.  They  crossed  the  Border  near  Mt.  Hinckley  on  9th 
April,  1896,  and  followed  approximately  Forrest's  route  of  1874 
to  Alexander  Spring,  from  which  point  they  steered  a  general  south- 
westerly course  to  the  mining  townshij)  of  Niagara. 

In  1897  Mr.  Hugh  Russel||  led  a  piivate  prospecting  expedition 
from  Mt.  Margaret  to  Mt.  Squires.  At  the  latter  place  he  estab- 
lished a  depot,  and  spent  about  two  months  prospecting  in  the 
Barrow  and  Cavenagh  Rangas  without,  however,  finding  any 
auriferous  country.  Leaving  Mt.  Squires,  a  traverse  was  made 
to  the  "VVarburton  Range,  and  from  that  place  the  party  turned 
southwards  and  hit  their  outward  tracks,  which  they  followed  back 
to  civilisation. 


•  Forrwt.  J. — "  Explorations  In  AiUitralia."— London,  1875. 

t  "  Joanwl  of  the  Elder  Scientific  Exploring  Expedition  "    Adelaide,  1893. 

J  Carnegie,  Hon.  D.  W. — "  Spinifcx  and  Sand  "    London. 

i  Habbe,  S.  Q.—"  Stork    Route    Expedition    from    South    to    West   Anstralia." 

S.A.  Pari.  Pap.  Xo.  •il,  1897. 
1; "  West  Australian  Year  Book,"  1902-4,  p.  89. 
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In  1901  Mr.  R.  T.  Maurice,*  in  command  of  a  South  Aistra- 
lian  party,  crossed  the  Border  a  little  north  of  latitude  28°.  Steer- 
ing north-north-west  to  tlie  Jameson  Range,  he  then  turned  north- 
north-east  to  the  Rawlinson  Range,  from  which  point  he  travelled 
south-south-east  and  again  entered  South  Australia  near  Mt.  Gosse. 

Mr.  Frank  Hann  has  made  several  journeys  from  Laverton 
to  the  South  Australian  border,  and  it  was  along  his  route  that 
we  travelled  as  far  as  Lilian  Creek.  Hann  has  visited  nearly  every 
hill  in  this  region,  and  we  found  very  few  waters  that  were  missed 
by  him.  His  usual  equipment  consisted  of  riding  horses  and  a 
few  camels  to  carry  water  and  provisions.  He  was  always  aceom- 
])anied  by  a  Queensland  native  named  Talbot,  who  had  been  with 
him  for  many  years,  and  some  white  man  who  was  anxious  to 
see  the  country  usually  joined  his  expeditions. f  Hann  has  done 
exceedingly  useful  work  in  this  district,  and  his  mapping  of  the 
physical  features  compares  favourably  with  that  done  in  other 
parts  of  the  State  by  more  elaborately  equipped  explorers. 


VI.— PRINCIPAL  WATERS   ON   THE  ROUTE. 

The  country  between  Laverton  and  Townsend  Range  is  almost 
dtnoid  of  conspicuous  landmarks,  and  it  would  be  difficult  to  find 
many  of  the  waters  without  some  particulars  as  to  their  where- 
abouts; so,  for  the  benefit  of  future  travellers  in  this  region,  it  h»> 
been  thought  advisable  to  give  bearings  and  distances  between  the 
ditTerent  waters,  with  other  directions  that  may  assist  in  findinir 
them. 

None  of  the  waters  excei)t  the  well  at  Lilian  Creek  can  be  re- 
gardcMl  as  permanent,  and  the  great  nuijority  of  them  are  gnamma- 
lioles  or  rock-holes,  which  depend  entirely  for  their  supply  upon  tin- 
rain  which  falls  in  the  immediate  neighbourhood.  At  times  some 
years  elapse  without  any  general  rains,  and  the  w^aters  are  replen- 
islied  onlv  bv  thunderstorms.  These  storms  are  notoriously  erratic 
in  the  way  they  travel;  one  locality  may  receive  a  downfall  of 
inches,  while  perhaps  less  tlian  half  a  mile  away  only  a  few  drops 
fall.  Therefore,  unless  one  is  assured  that  the  country  has  been 
visited  by  general  rain,  finding  one  rock-hole  full  is  no  guarantee 
that  the  next  will  contain  any  water. 

Some  of  the  rock-holes  of  large  size  will  not  hold  water  as  Ion? 
as  some  of  the  smaller  ones.  This  may  be  due  to  leakage  throuffh 
joints  or  bedding-planes,  but  more  often  to  laek  of  shelter  from  the 
sun's  ravs. 

To  one  who  has  travelled  in  the  desert  region  between  Wihnia 
and  Hall's  Creek,  the  entire  absence  of  native  wells  on  the  flats  be- 


•  Maurice,  R.  T.—Extracts  from  Journal**,  S.A.  Pari.  Pap.  No.  43.  1904. 

t  A  Hhort  acrouiit  of  one  of  Mr.  Hann's  journeys  wa»  given  in  The  Kalgoorlie  MiM^, 

.Tuly    21,  1906.  and    of    another    in    The   West  Austrniian,  March  1,   1W7  ; 
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t  ween  the  sand-ridges  is  remarkable.  At  intervals  along  the  Can- 
ning Stock  Route  native  Avells  and  soaks  are  found,  many  contain- 
ing* permanent  supplies  of  water;  but  in  the  country  between  Laver- 
ton  and  Lilian  Creek,  where  the  country  has  a  similar  geological 
structure,  the  only  waters  seen  occur  on  the  top,  or  at  the  base,  of 
breakaways. 

Between  Lilian  Creek  and  the  South  Australian  border,  the  con- 
fig^uration  of  the  country  is  entirely  different  from  that  to  the  west- 
ward. Broken  ranges  and  conspicuous  hills  take  the  place  of  the 
low  breakaways,  and  the  hills  shown  on  the  map  can  be  easily  iden- 
tified. Directions  for  finding  the  waters  in  this  region  are,  however, 
griven,  as  many  of  them  occur  in  unexpected  places,  and  would  be 
difficult  to  locate  from  a  small-scale  plan. 

The  distances  given  in  the  following  notes  are  in  a  direct  line 
from  point  to  point,  and  generally  a  greater  distance  than  indicated 
would  have  to  be  actually  travelled  owing  to  the  difficulty  in  steer- 
ing a  perfectly  straight  course  over  a  country  devoid  of  land-marks, 
and  to  detours  to  avoid  sand-hills,  breakaways,  or  thick  clumps  of 
scrub. 

The  bearings  given  have  been  corrected  for  local  variation.  The 
two  prismatic  compasses  used  differed  in  their  readings  by  two  de- 
grees, so  it  is  considered  advisable  to  give  true  bearings. 

A  well-defined  bush  road  leads  from  Invert  on  in  an  easterly 
direction,  and  in  about  eight  or  nine  miles  hits  an  old  tram  line 
from  Beria.  The  road  and  the  tram  line  then  run  close  together  to 
MeCalmont's  windmill,  situated  sixteen  miles  from  Laverton.  It 
was  from  this  windmill  that  our  traverse  started.  From  here  a  few 
sulky  and  horse  tracks  lead  past  Point  Kidman,  Manning  Gnamma- 
Hole,  and  the  Ivor  Rocks  to  Pine  Tree  Caves,  a  distance  of  about 
twenty-one  miles.  Some  pastoral  country  has  been  taken  up  to  the 
northwards  of  Pine  Tree  Caves,  so  that  the  track  tlience  to  the  wind- 
mill will  probably  become  more  distinct. 

To  the  south-east  of  Point  Kidman,  w^here  the  track  crosses  a 
small  creek,  surface  water  will  be  found  for  a  short  time  after  rain. 

At  two  and  three-quarter  miles  from  Point  Kidman,  the  Man- 
ning Gnamma-Hole  is  reached.  This  hole  lies  about  thirty  chains 
east  of  the  end  of  the  line  of  breakaways  which  extend  from  Point 
Kidman.  There  Is  an  excellent  camel  camp  (salt-bush  and  mulga) 
to  the  east.    When  full  it  holds  about  300  gallons. 

From  the  rocks  near  the  gnamma-hole,  Ivor  Rocks  are  seen 
bearing  62°,  and  beyond  these  the  Bailey  Breakaways,  in  which  the 
Pine  Tree  Caves  are  situated,  show  up  conspicuously.  At  the  caves 
there  is  a  water-hole  at  the  base  of  the  cliff  which  would  last  for 
.some  time  after  rain,  and  is  easy  of  access  to  horses  or  camels 
(although  the  latter  are  frightened  of  the  caves  and  rocks).  On  the 
top  of  the  cliff  are  several  rock-holes,  one  of  which  will  hold  water 
for  some  months  after  being  filled.     Horses  could  be  taken  up  a 


narrow  path  about  150  yards  west  of  the  bottom  wat«r.  If  ihe 
vliftn  are  followed  about  20  cimins  soiitli-eaat  there  is  a  passage  i" 
the  top  by  which  camels  would  be  easily  taken  to  the  large  rock- 


hole.  Al  the  Pine  Ti'ee  Caves  Ihei-i'  is  an  exeelleiH,  eauiel  caiiip  even 
in  times  of  <lriiu};hl,  there  beiti^r  hii  nbuniiance  of  salt-biish  «nd  sonu' 
!;ood  niul^a. 

After  leaviut;:  I'iuc  Tree  Caves  the  nest  water  we  saw  was  al 
I'oinl  riir.  On  <iiir  luilward  journey  we  IraveHed  via  Mt.  Sel'ton 
and  Point  Freeman,  but  on  our  return  we  took  a  direel  rorile,  I  hereby 
saving  several  miles.  In  a  creek  thai  runs  north-east  from  Ah 
Sefton,  water  would  jirobably  be  found  in  a  g^>od  season,  but  if 
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there  were  water  here,  the  rock-hole  and  soaks  near  Point  Uhr  could 
be  relied  upon;  so  as  there  is  less  stony  ground  by  the  direct  route, 
it  is  recommended  to  travellers.     When  going  from  the  caves,  the 
Bailey  Hreakaways  should  he  ascended  at  the  place  mentioned  above 
about  20  chains  to  the  south-east,  and  then  an  east-north-east  course 
will  lead  over  sandy  spinifex  flats  and  through  thick  clumps  of  mulga 
for  about  fourteen  miles.  The  northern  end  of  a  line  of  breakaways 
extending  south-east  to  Point   Freeman  is  then  reached  and  some 
«*onspieuous  breakaways  are  also  seen  to  the  northwards.       From 
here  Point  Uhr  is  visible  about  nine  miles  to  the  north-east.    It  may 
be   easily  recognised  by  its  double-humped  appearance.     The  first 
four  miles  after  leaving  the  extension  of  the  Point  Freeman  break- 
aways, is  occupied  by  red  soil  and  very  thick  mulga,  but  then  an 
open  sandy  flat  is  entered,  which  extends  to  within  half-a-mile  of 
Point  Uhr.    From  the  top  of  Point  Uhr  some  piled-up  granite  rocks 
are  seen  about  half-a-mile  to  the  north-east.    In  a  watercourse  near 
the  base  of  the  rocks  there  is  a  soak,  which,  although  quite  dry  at 
the  time  of  our  visit  would  be  a  good  watering  place  after  heavy 
rain.     There  are  numerous  cork  trees  near  the  soak,  and  on  some  of 
these  visitors  have  cut  their  initials.     If  the  creek  is  followed  down 
for  about  a  mile  it  is  seen  to  spread  out  on  a  red  soil  flat,  and  on 
this  flat  there  is  another  soak,  which  although  dry  when  we  saw  it, 
would  hold  water  for  a  long  time  after  the  watercourse  had  flooded 
the  flat.     At  the  head  of  this  creek,  where  it  rises  in  the  breakaways, 
about  60  chains  west  of  the  first  soak  referred  to,  there  is  a  large 
rock-hole   holding   about    1,000   gallons   with   several   smaller   holes 
above  it.     On  our  outward  journey  all  the  holes  were  full,  but  on 
our  return,  about  four  and  a  half  months  later,  the  large  hole  was 
dry,     although     there  was  some  water  in  one  of  the  smaller  holes 
above. 

From  Point  Uhr,  Point  Salvation  shows  up  on  a  bearing  of 
78°,  the  distance  being  twenty-two  miles.  The  first  two  and  a  half 
miles  leads  through  fairly  thick  mulga,  followed  by  seven  miles  of 
spinifex  and  mallee,  with  sandy  soil  under  foot.  Then  a  belt  of 
travertine,  about  four  miles  wide,  on  which  grow  mulga,  quondongs, 
and  other  bushes,  and  on  whicli  are  some  good  camel  camps,  is 
crossed.  Stock  water  would  probably  be  obtained  here  at  a  shallow 
depth.  After  crossing  the  travertine,  sandy  soil,  with  spinifex  and 
mallee.  extends  to  within  three  miles  of  Point  Salvation,  when  the 
spinifex  is  left  and  mulga  becomes  the  jmncipal  growth.  At  the 
heml  of  a  gully  on  top  of  the  cliffs  facing  west  near  Point  Salvation, 
there  are  two  small  holes.  One  is  a  gnamma-hole  holding  about  50 
gallons.  Its  opening  is  very  narrow  and  eva]>oration  would  be 
slight.'  Though  too  small  to  be  of  use  for  stock,  it  would  ser\e  to 
replenish  water  cans.  Water  in  the  other  hole,  which  is  a  small  cave 
with  a  shelving  bottom,  would  not  last  nearly  as  long  as  in  the 
gnamma-hole.  Numerous  game-pads  lead  along  the  top  of  the 
!)reakaways  to  the  holes. 
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About  a  mile  soiitli  of  these  holes  is  a  good  soak  which,  if 
cleaned  out,  would  probably  yield  a  large  supply.  It  could  be 
easily  found  by  travelling  southwards  along  the  breakaways  from 
Point  Salvation  for  about  60  chains;  the  cliffs  then  turn  to  the 
east,  and  a  creek  with  numerous  branches  flows  westwards.  From 
any  rising  ground  a  white  quartz  blow  can  be  seen  a  short  distance 
to  the  south-east  with  more  breakaways  behind  it.  From  the  quartz 
blow  the  soak  bears  a  little  north  of  east  and  is  distant  twenty- 
five  chains.  It  is  situated  in  a  creek  below  a  bar  over  which  the 
creek  flows. 

Fig.  3. 
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From  tlie  cliffs  at  Point  Salvation,  Dunge's  Table  Hill  can 
be  plainly  seen  bearing  80°  and  distant  eleven  miles.  For  four 
Tiiiles  sonic  very  stony  ground  is  traversed,  when  Reetz  Creek  if- 
reached.  This  we  followed  down  for  about  five  miles,  and  then 
left  it  and  travelled  over  two  miles  of  spinifex  and  mallee  to  Dunge's 
Table  Hill.     There  are  a  few  holes  along  the  creek  which  would 
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hold  water,  but  in  all  probability  a  month's  hot  weather  would 
di-y  any  of  them  up.  Water  would  probably  be  found  at  a  com- 
paratively shallow  depth  at  the  lower  end  of  Reetz  Creek.  From 
the  summit  of  Dunge's  Hill  we  could  see  that  this  creek  spreads 
out  over  mulga  flats  to  tlie  north-east. 

From  Dunge*s  Table  Hill  we  followed  a  general  course  of  75° 
to  Point  Sunday.  A  short  distance  to  the  eastward  of  the  table 
hill  there  is  a  stony  salt  busli  flat  followed  by  a  belt  of  mulga  about 
three-quarters  of  a  mile  wide.  Sandy  spinifex  country  with  occa- 
sional sand-ridges  is  then  encountered,  and  this  class  of  country 
extends  to  Point  Sunday.  This  point  is  first  seen  from  the  top  of 
a  sandy  rise  about  six  and  a-half  miles  away  at  the  same  time  tliat 
Mallee  Hen  Point,  bearing  87°  and  distant  about  three  and  a-half 
miles,  becomes  visible.  On  the  top  of  Point  Sunday  there  is  a 
large  gnamma-hole  holding  about  400  gallons.  On  our  outward 
journey  tlie  hole  contained  about  ;}00  gallons,  but  the  natives  had 
l)ut  mulga  branches  in  it,  and  the  water  smelt  horribly  and  was 
unfit  for  use.  Several  of  the  gnamma-holes  which  we  saw  after- 
wards had  mulga  packed  in  them.  Presumably  the  natives  have 
stronger  stomachs  than  wliite  men  or  even  camels,  and  do  not  mind 
the  stench  or  taste  which  the  mulga  gives  tlie  water.  In  all  prob- 
ability the  mulga  is  put  in  to  lessen  evaporation,  but  this  method 
could  be  easily  improved  upon  by  laying  some  sticks  across  the 
hole  and  covering  them  up  with  branches.  We  cleaned  the  hole 
out  and  on  our  return  found  about  a  hundred  gallons  of  water,  due 
to  a  thunder  storm  a  few  days  earlier. 

The  next  water  is  at  Miller  Soak  and  Rock-holes  which  lie 
about  thirteen  miles  E.S.E.  by  E.  from  Point  Sunday.  The  easiest 
way  to  hnd  the  soak  is  to  go  eastwards  for  seven  miles,  when 
thick  mulga  will  be  met.  This  mulga  grows  along  the  top  of  rough 
breakaways,  where  the  travelling  is  difficult.  Instead  of  entering 
the  mulga,  the  traveller  should  keep  to  the  edge  of  tlie  spinifex 
leaving  the  mulga  on  his  left.  In  about  five  or  six  miles  the  end 
of  a  sand-ridge  running  S(»uth-west wards  is  reached.  To  the  east- 
wards of  this  point  a  valley  running  througli  some  breakaways 
is  seen.  This  may  be  followed  down,  and  when  the  eastern  face 
of  the  breakawa>'^  is  reached  they  may  be  followed  southwards 
for  about  CO  cliains  to  a  bluff  on  wliieh  we  built  a  cairn.  From 
tlie  cairn  the  soak  is  half  a  mile  distant  on  a  bearing  of  240°.  In- 
stead of  following  the  valley  mentiorxd  above,  a  shorter  route  is 
found  by  turning  southwards  round  the  end  of  the  sand  ridge,  still 
keeping  the  mulga  on  the  left.  In  aiont  a  mile  this  will  lead  to 
a  flat  between  two  cliffs,  from  which  the  eaim  we  built  can  be  seen, 
and  the  soak  which  is  amongst  some  rocks  »iear  the  head  of  a  creek 
can  be  picked  up  from  the  bearing  givei  above.  There  is  a  very 
good  camp  for  camels  or  horses  east  of  the  soak,  but  the  water 
cannot  be  relied  upon  in  a  dry  season.     The  rock-holes  do  not  last 
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very  long,  the  soak  would  require  a  lot  of  work  before  any  supply 
could  be  obtained,  and  it  is  doubtful  how  long  the  soakage  would 
last. 


Fig.  4. 
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From  Miller  Soak  some  breakaways  are  seen  about  nine  miles 
to  the  east,  where  there  are  five  large  rock-holes  named  Carr  Boyd 
Kock-holes  by  Haun.  They  can  be  easily  found  with  the  aid  of  the 
sketch  plan  below. 

After  the  holes  are  filled,  they  will  hold  water  for  many  months 
and  there  is  a  splendid  camp  for  horses  or  camels  along  the  foot 
of  the  breakaways. 

The  next  water  tluit  we  saw  was  the  Lily  Rock-hole  in  the 
Wilkinson  "Range,"  about  twenty-one  miles  north-east  of  the  Carr 
Boyd  Rock-holes  in  a  straiglit  line.  However,  in  order  to  avoid 
getting  bogged  in  Lake  Yeo  or  the  marshy  flats  that  run  out  from 
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it,  it  is  necessary  to  travel  a  little  to  the  north  of  east  for  about 
fourteen  miles,  and  then  to  steer  northwards  to  the  south  end  of 
the  Wilkinson  "Range,"  which  is  visible  from  any  rising  ground  or 
a  liigh  mulga.  Close  to  the  south-eastern  end  of  the  Wilkinson 
**Range''  there  are  two  flat  topped  hills.  From  the  most  northerly 
of  these  the  gorge  in  which  the  Lily  Rock-hole  is  situated  can  be 
seen  on  a  bearing  of  27  degrees  and  distant  about  two  and  three- 
quarter  miles.  The  Lily  Rock-hole  will  contain  water  for  several 
months  after  rain,  and  there  is  another  hole  below  and  two  above 
that  will  hold  water  for  a  shorter  period.  There  is  a  good  salt- 
bush  flat  about  a  mile  to  the  south-west  of  the  rock-holes. 

The  next  water  that  would  last  any  time  is  at  Amy  Rocks, 
about  thirty-five  miles  E.N.E.  by  E.  of  Lily  Rock-hole.  In  the 
intei'\'ening  country  we  noted  only  two  outcrops,  Sunday  Surprise 
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Rocks,  fifteen  miles  from  Lily  Rock-hole,  and  Winterbottom  Rocks 
{fi^,  24)  twelve  miles  furtlier  on.  At  both  places  there  are  small 
(;namma-holes,  but  the  water  in  them  would  not  last  long,  and  they 
are  liard  to  find  as  they  are  visible  only  for  a  short  distance  to  the 
south.  From  Winterbottom  Rocks,  Mt.  Brown  can  be  seen  about 
twenty  miles  away  bearing  101°,  but  nothing  else  is  visible  but 
large  sand-hills.  It  is  difficult  to  give  directions  for  finding  Amy 
Hocks  owing  to  the  absence  of  landmarks,  but  from  a  high  point 
about  sixty  chains  south  of  tlie  rock-hole,  Winterbottom  Rocks 
bear  253°,  and  are  distant  about  eight  miles.  From  the  high  ground 
east  of  the  hole,  Millar  Breakaways  can  be  seen  to  the  E.S.E. 
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At  the  south-eastern  end  of  Millar  Breakaways  there  i&  an- 
other  good  rock-hole  at  the  base  of  a  low  cliflf  near  the  head  of  a 
flat   trending   N.N.E.   between   breakaways.     From   the   top   of  a 
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bluff  on  the  S.E.  side  of  the  range,  a  large  day-pan  is  seen  about 
a  mile  to  the  east,  and  from  this  bluff  the  rock-hole  hears  20H° 
and  is  distant  half  a  mile.  The  clay-pan  mentioned  was  dry  when 
we  saw  it.  There  ia  a  splendid  camp  for  camels  or  horses  at  Millar 
Breakaways,  where  there  is  abundance  of  salt-bush  and,  after  rain, 
of  herbage. 

From  the  south-east  end  of  Millar  Breakaways  a  conspicuous 
bluff  can  be  seen  bearing  80°  at  a  distance  of  eleven  and  a-half 
miles.  This  is  Point  Saunders  near  which  there  are  some  fairly 
good  rock-holes.  If  the  traveller  goes  north-east  from  the  Point 
Saunders  bluff  along  the  face  of  the  cliffs  for  about  60  chains,  he 
will  see  a  gully  coming  out  of  tlie  breakaways,  'and,  near  the  head 
of  this  gully  among  tlie  rocks  will  find  a  large  rock-hole  (fig.  19-. 
Wlien  we  first  saw  this  hole  on  2nd  August,  it  was  full  of  water. 
We  called  here  again  on  ISth  October,  and  no  rain  appeared  to 
have  fallen  in  the  intenal.  The  hole  was  much  lower,  but  we  were 
able  to  water  fifteen  thirsty  camels  and  fill  our  cans  without  ex- 
hausting the  supply.  There  is  another  hole  ^bout  200  yards  to 
the  west  which  is  more  accessible  to  camels,  but  being  open  and 
shallow   does  not  last  long. 

About  fiy^  miles  E.N.E.  by  E.  from  Point  Saunders  and 
visible  from  it,  there  is  a  low  bluff  facing  soutli.  Our  course  t<Mik 
us  over  a  ridjre  extending  northwards  from  the  bluff.  From  a  sand- 
lidjje  two  miles  further  on,  on  the  same  course,  we  sighted  some 
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breakaways  bearing  68°,  and,  travelling:  along  the  edge  of  the 
spinifex  (to  the  right)  and  the  raulga  (to  the  left),  reached  them 
in  six  miles.  Several  sandstone  outcrops  were  seen  on  our  left,  and 
some  of  these  had  small  gnamraa-lioles  among  them. 

From  the  breakaways  last  mentioned  a  large  clump  of  gums  is 
seen  about  a  mile  and  a  half  to  the  eastward.  Here  a  large  creek 
loses  itself  in  the  sand,  and  in  the  bed  of  the  creek  above  the  gums 
there  is  a  sand-soak,  which  was,  however,  dry  when  we  saw  it. 

From  the  breakaways  a  long  line  of  low  cliffs  can  be  seen 
about  20  miles  to  the  north-east,  in  which  is  Point  Lilian  bearing 
56°.  The  country  between  these  points  is  nearly  all  occupied  by 
sand-ridges. 

At  Point  Lilian  there  is  a  large  rock-hole  in  a  deep  gorge. 
The  sketch  plan  will  show  how  it  can  be  found.     We  built  a  cairn 
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on  the  top  of  the  breakaways,  and  a  game-pad  runs  past  this  to 
the  rock-hole.  To  get  horses  or  camels  to  the  water  it  is  necessary 
to  go  eastward  from  the  cairn  along  the  base  of  the  breakaways 
lor  about  half  a  mile,  when  the  creek  shown  on  the  plan  is  seen 
running  nortliwards.     Animals  can  be  taken  up  this  creek  to  the 
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top  of  the  breakaways  and  thence  close  to  the  rock-hole,  from  which 
water  must  be  hauled  in  buckets.  It  was  not  possible  for  us  to 
judge  how  long  this  water  would  last,  as  both  times  we  saw  it  ihe 
hole  had  been  rtlled  bv  rain  a  i'ew  davs  previously. 

From  Point  Lilian,  Point  Irwin  can  be  seen  bearing  ^W  and 
distant  about  eight  miles;  and,  two  and  a  half  miles  on  from  Point 
Irwin,  another  line  of  breakaways,  facing  north-west,  commence* 
and  runs  north-north-east  i>avst  Point  Reetz.  A  little  south-east 
of  Point  Keetz  there  is  a  gnarama-hole  on  the  top  of  the  cliff.  The 
cliffs  here  run  in  a  fairly  straight  line,  and  it  is  difficult  to  give 
directions  for  finding  the  water.  It  is  about  seven  miles  from  Point 
Irwin,  which  may  be  easily  identified,  and  is  in  latitude  27°  29'  1" 
by  observation.  From  Point  Reetz,  Fetherstonhaugh  Hill  and 
Faulkner  Hill  are  visible  above  the  sand-ridges  in  the  far  distance 
to  the  north. 

Cooper  Hills  are  about  twelve  miles  from  Point  Reetz  on  a 
bearing  of  3.")°.  At  three-quarters  of  a  mile  from  the  most  westerly 
lull,  on  a  bearing  of  20°,  there  is  a  large  gnamma-hole  on  a  bare 
patch  of  laterite  on  flat  ground.  It  is  on  a  badly  defined  water 
channel;  there  are  some  sand-ridges  a  little  to  the  w^est,  and  open 
mulga  with  many  old  native  camps  around  the  hole. 

Cooper  Creek  lies  about  a  mile  and  a  half  north-east  of  the 
gnamma-hole,  but  where  we  crossed  it  there  was  no  water,  although 
the  creek  had  run  a  few^  days  previously.  Mr.  Frank  Hann  talk 
as  that  there  is  never  much  water  in  this  creek,  but  about  four 
miles  above  where  we  crossed  it  water  is  to  be  found  for  some  time 
after  rain. 

On  the  top  of  Ryan's  Bluff,  which  lies  about  nine  miles  north- 
north-east  of  Cooper  Hills,  there  is  a  peculiar  gnamma-hole,  cir- 
cular in  shape,  about  three  feet  six  inches  in  diameter,  and  about 
five  feet  deep.  When  we  saw  it  it  appeared  to  be  nearly  empty, 
but  there  is  a  cave  running  eastwards  from  the  bottom  of  the 
hole.  We  poked  a  stick  eight  feet  into  the  cave  and  then  may  not 
have  readied  the  end  of  it.  It  is  impossible  to  state  how  much 
water  could  be  got  here,  but  in  all  probability  the  hole  woidd  yield 
a  fair  amount.  Though  difficult  of  access,  some  route  for  animals 
up  the  breakaways  could  probably  be  found. 

From  Ryan's  Bluff,  Hann  Table-Top  (Fig.  15)  shows  up  con- 
spicuously four  and  a  half  miles  away  on  a  bearing  of  343°. 

The  Hann  lino  of  breakaways  commences  at  Point  Wood,  about 
two  and  a  half  miles  north-north-east  of  Ryan's  Bluff,  and  extends 
north-north-west  to  Fetherstonhaugh  Hill,  at  which  point  it  swings 
round  to  the  north-north-east  and  runs,  with  a  few  small  breaks, 
as  far  as  Manton  Knob.  In  all  probability  there  are  numerous 
gnamma-  and  rock-holes  in  these  breakaways.  We  saw  several  which 
are  shown  on  the  map,  and  all  of  them,  except  perhaps  the  Henning 
Rock-hole,  could  easily  be  found  with  the  aid  of  tlie  plan. 
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Bjenning  Rock-Hole  is  in  a  small  rocky  creek  ronning  west 
from  the  breakaways,  which  lie  about  a  mile  and  a  half  to  the  east. 
About  twenty  chains  below  the  rock-hole  this  creek  joins  a  gum 
creek  llowing  southwards.  For  some  distance  from  the  rock-hole 
in  all  directions  there  are  the  remains  of  many  blacks'  fires,  showing 
that  the  water  here  must  last  a  long  time.  The  hole  is  quite  small 
on  the  top,  but  tliere  appears  to  be  an  underground  cavern  extend- 
ing under  the  sandstone.  On  our  return  journey  the  hole  was  full 
of  sand  but  we  got  all  the  water  we  required  by  digging  out  a  little 
sand,  when  there  was  a  great  rush  of  water  from  behind. 

About  a  mile  on  from  Fetherstonhau^h  Hill  there  are  clav- 
holes  in  a  creek  which  hold  water  for  a  few  weeks  after  rain. 

At  Watt  Creek  there  are  some  very  large  water-holes,  some  of 
which  would  last  for  at  least  a  year.  It  would  be  reasonable  to 
expect  to  find  water  here  at  almost  any  time;  at  any  rate  if  all  the 
holes  in  Watt  Creek  were  dry  there  would  be  little  likelihood  of 
the  traveller  reaching  this  point. 

In  the  creeks  south-west  of  Manton  Knob  there  are  some  good 
rock-holes,  from  the  best  of  which  Manton  Knob  is  distant  three- 
quarters  of  a  mile  on  a  bearing  of  57°. 

From  Manton  Knob  the  top  of  Point  Read  just  appears  above 
the  sand-ridges  on  a  bearing  of  36°,  and  a  little  over  nine  miles 
distant.  On  top  of  the  breakaways  eight  chains  south-south-east 
of  Point  Read  there  is  a  good  gnamma-hole.  As  the  hole  has  a 
small  opening  it  is  protected  from  the  sun  and  should  last  some 
time.  When  found  it  was  packed  with  mulga,  but  this  was  re- 
moved, and  on  the  return  journey  the  hole  was  full  and  the  water 
quite  good. 

Simpson  Hill  and  also  the  Warburton  Range  can  just  be  seen 
above  the  sand  ridges  from  Point  Read.  The  former  bears  2!$°  and 
is  distant  seven  miles.  After  rain  there  is  a  little  soakage  water  in 
a  creek  about  half  a  mile  east  from  Simpson  Hill. 

Fig  Tree  Gnamma-hole,  which  holds  about  150  gallons,  is  situ- 
ated on  top  of  some  low  breakaways,  which  have  a  semi-circular 
shape  and  face  north-west.  It  is  distant  three  and  a-half  miles  from 
Simpson  Hill  on  a  bearing  of  32°.  From  the  higli  ground  near  the 
gmamma-hole,  Weekly  Hill  can  be  seen  almost  due  west  at  a  distance 
of  five  miles  and  the  western  end  of  the  Warburton  Range  bears 

There  is  a  small  gnamma-hole,  holding  about  100  gallons,  nine 
miles  on  from  Fig  Tree  Gnamma-hole  on  a  bearing  of  04°.  It  lies 
amongst  some  low  broken  hills,  and,  unless  our  tracks  were  followed, 
would  be  difficult  to  find.  From  it  a  conspicuous  hill  at  the  west 
end  of  Townsend  Range  bears  62°. 

From  the  above  locality,  there  are  two  routes  to  the  native  well 
on  Lilian  Creek  which  there  is  no  difficulty  in  finding.  The  best 
way  is  to  go  round  the  west  end  of  Townsend  Range  and  then  steer 

(2) 


for  tlie  very  consjiioiious  bluff  about  six  miles  to  the  east.  The  well 
is  on  t)ie  erepk  less  llian  lialf-a-niilc  from  the  bluff.  The  olher  ronie 
is  alonfr  llie  southern  side  of  Townsend  Range  to  the  wide  gonre 


wliidi  Lilian  Orepk  has  cut  throutrh  (he  range.  The  ereek  may  tliro 
l;c  I'lilhuved  up  to  the  well.  The  well  yields  a  lai^  supply  of  pxii 
stock  ivaU'r,  wliieh  is  rather  Imrd  for  washinjr  and  too  "sweet"'  l"r 
good  tea.  \Ve  had  a  dejJot  carap  here  for  about  two  months  and 
ncibody  was  affeeted  in  any  way  by  drinking  the  water. 

We  .^nw  no  water  in  the  immediale  vicinity  of  the  Warbartun 
llan^e.  Some  very  large  creeks  which  rise  in  the  range  unite  ami 
ultimately  run  out  on  a  flood  plain  a  few  miles  below  the  joaction 


of  the  Hughes  and  Elder  Creeks.  At  the  time  ot  our  visit  these 
L-reeks  had  aot  apparently  run  for  some  time;  we  saw  several  jiatii^e 
soaks  which  were  quite  dry.  Some  of  tliese  soaks  would  |irobably 
contain  water  for  some  time  after  the  creeks  liad  run,  but  Giles, 
who  was  in  this  locality  in  1S73,  apparently  in  a  pood  season,  states 
(bat  any  water  he  saw  in  the  creeks  was  too  bitter  for  drinking. 

The  nearest  water  of  any  consequence     to     tlie     Warburton 
Range  known  lo  us  is  at  "Spring  Granite,"  found  by   Sir  Jolin 
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Forrest  in  1874,  about  two  miles  enst  of  tlie  liend  of  Scamp  Creek, 
and  about  four  miles  from  Scamp  Hill,  wliith  lies  on  a  bearin;:  of 
204°.     At  "Spring  Granite"  tliere  is  a  large  water-hole  on  the  east 
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side  of  a  large  bare  granite  outcrop.  The  hole  would  hold  water  for 
a  long  time,  and  it  is  more  than  likely  that  there  would  also  be  a 
soakage  in  the  bottom.  There  is  a  good  catchment  and  light  rain 
would  put  water  in  the  hole.  There  is  some  good  pastoral  country 
around  the  rocks. 

About  six  miles  south  of  ** Spring  Granite"  we  saw  two  small 
gnamma-holes  in  granite.  From  the  rocks  above  the  holes  Scamp 
Hill  bears  297%  Warburton  Cairn  214%  MUler  HiU  180%  and  Mt. 
Herbert  143°. 

Two  and  a-quarter  miles  from  these  gnamma-holes,  on  a  bear- 
ing of  64^,  there  is  a  conspicuous  mass  of  red  granite,  on  the  west 
side  of  which  there  is  a  cup-shaped  gnamma-hole  which  when  full 
would  liold  about  300  gallons  of  water. 

On  the  west  side  of  Mt.  Eveline,  there  is  a  fine  water-hole  on 
the  north  side  of  a  rough  and  deep  gully  which  rises  near  the  top 
of  the  mount.  It  is  about  twenty  chains  above  where  the  water- 
course runs  out  of  the  gully  on  to  the  flat.  This  waterhole  might 
almost  be  called  a  sj)ring,  as  water  can  be  seen  trickling  into  the  hole 
from  the  rocks  above.  Water  would  probably  be  obtained  here  at 
any  time  unless  the  country  was  suflPering  from  a  severe  drought 
If  blacks  were  about  this  would  be  a  dangerous  place  to  approach, 
as  spears  could  be  tlirown  by  natives  hidden  amongst  rocks  on  the 
steep  slopes  of  the  gully. 

On  tlie  south  side  of  Mt.  Squires  there  is  reported  to  be  a  water 
called  Giles  Tank,  discovered  by  Giles  in  1874,  and  visited  by  Rus- 
sel  in  1897.  We  did  not  see  this  water,  but  we  saw  a  fairly  large, 
almost  inaccessible,  rock-hole,  not  shown  on  the  map,  in  the  range 
about  a  mile  south  of  the  cairn. 

In  a  deep  rocky  gully,  about  a  mile  E.S.E.  from  the  cairn  on 
Mt.  Squires,  we  saw  running  water  flowing  into  several  holes.  Other 
holes  were  nearly  dry,  and  in  all  probability  unless  rain  fell  the 
flow  of  water  would  cease  within  a  month  or  two.  This  water  is  of 
little  value  as,  owing  to  the  rough  nature  of  the  country,  it  would 
be  imrossible  to  get  stock  near  it. 

About  four  miles  east  of  Mt.  Squires  are  three  rocky  granite 
hills.  On  tlie  top  of  the  most  southerly  of  these,  there  are  numerous 
pine  trees  and  on  tlie  east  side  of  this,  there  is  a  soak  (Lamb  Soak). 
At  tlie  time  of  our  visit  tliis  had  fallen  in,  but  by  digging  some  of 
the  sand  out,  we  saw  that  water  could  be  obtained  if  required. 

One  hundred  chains  from  the  above  soak  on  a  bearing  of  28-^ 
there  is  a  larger  and  better  soak  on  the  north  side  of  a  rough,  rocky 
hill.  The  soak  is  on  a  natural  platform  not  far  above  the  base  of 
the  hill,  and  there  are  numerous  blacks'  camps  on  the  flat  below  it. 
This  water  would  probably  last  a  long  time. 

About  thirteen  miles  N.N.E.  of  Mt.  Squires  there  is  a  good 
rock-hole  in  a  cleft  in  some  bare  granite  rocks.  The  water  is  well 
sheltered  from  the  sun's  rays  and  should  last  a  long  time.      This 
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water  was  first  fotitid  by  Sir  John  Forrest  in  1S74  and  has  since  been 
visiter!  by  several  exjilorers.  Ilann  has  eiit  several  names  in  lar|;e 
letters  on  the  rocks.  Mt.  Burt  lies  three  miles  to  the  X.W.  and 
Minnie  Hill  ei^iit  miles  to  the  east. 

Thirty-flve  chains  from  Lifihtning  Rock  on  a  bearing  of  164° 
there  is  a  large  rock-hole  at  the  base  of  a  bare    granite     outcrop. 


Owing  to  the  ojien  nalnre  of  the  hole  cva[ioration  would  bo  raiiiil, 
but  there  ap|iears  to  be  a  consiiieroble  depth  of  sand  in  the  Iiolc.  and 
when  the  water  got  beh.w  (he  level  of  the  sand  evajioration  wonld 
be  much  slower,  and  a  supply  of  water  would  probably  be  presen'cd 
in  the  sand  for  a  long  time  after  rain  bad  fallen. 
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Forrest  and  Giles  in  their  journals  mention  a  fine  running 
spring  at  Fort  Mueller.*  At  the  time  of  our  visit  the  watercourse 
was  quite  dry  and  probably  runs  only  after  a  very  wet  season. 

About  five  miles  W.N.W.  from  Fort  Mueller  there  is  a  spring 
found  by  Hann  in  a  very  dry  season,  and  called  Fort  Welcome  by 
him.  The  spring  is  situated  in  a  rocky  gorge  at  the  head  of  a  valley 
running  in  an  easterly  direction  into  the  range.  The  visible  supply 
of  water  is  small  but  it  would  probably  be  replenished  as  it  was 
drawn  upon.  Care  would  have  to  be  taken  when  watering  stock  at 
Fort  Welcome  as  the  nati\'es  could  easily  spear  one  from  the  rock» 
above  the  spring. 

On  the  north  side  of  Barnard  Rocks,  which  lie  seventeen  miles 
eai>t -north-east  from  Fort  Mueller,  there  is  a  rock-hole  and  soak 
where  water  could  be  obtained  for  a  few  montlis  after  rain.  From 
the  rocks,  Mt.  Aloysius  bears  7.3°,  and  a  round  hill,  with  a  tree  on 
top,  is  distant  140  chains  on  a  bearing  of  263*^. 

When  steering  in  a  direct  line  from  Barnard  Rocks  to  Mt. 
Aloysius,  three  rocky  hills  are  passed  when  within  eight  miles  of  tbe 
mount.  At  the  north  end  of  the  middle  hill  there  is  a  small  soak. 
Not  requiring  water  at  the  time  we  did  not  clean  out  tliis  soak,  but 
it  appeared  to  hold  very  little  water,  and  did  not  give  promise  of 
yielding  a  good  supply  by  sinking. 

In  a  deep  gully,  which  heads  near  the  top  of  Mt.  Aloysius,  run> 
south-west  for  about  a  mile  and  a-half,  and  then  swings  round  to 
the  south,  we  found  a  series  of  pools  with  running  water  between 
some  of  them.  If  not  permanent,  this  water  would  last  a  long  time, 
but  it  is  quite  inaccessible  for  camels.  A  route  by  which  horses 
could  be  taken  to  the  water  might  be  found,  but  it  would  not  be  pos- 
sible to  take  them  up  the  creek  the  way  we  walked. 

Near  Amy  Giles  Rocks  there  is  a  good  rock-hole  and  soak,  dis- 
tant 20  chains  on  a  bearing  of  28°.  From  the  rocks,  Mt.  Aloysiii^ 
bears  14S°,  Mt.  Hinckley  118%  and  Mt.  Gosse  78°. 

A  few  more  small  waters  were  seen,  but  they  were  derived  from 
recent  rains  and  in  a  dry  season  the  knowledge  of  their  whereabout^ 
would  he  of  no  value  to  travellers. 

♦  The  "  Blackstonea  "  of  Caveuagh  Rau^u  often  weather  Into  forms  resembling  rained 
c  istlcs — hence,  presumably,  the  word  "  Fort." 
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I.— INTRODUCTION. 

The  portion  of  the  State  dealt  with  in  this  rej  oit  lies  on  the 
great  plateau  of  Western  Australia,  which  in  this  pait  has  an 
average  elevation  of  between  1,500  and  2,000  feet  above  sea-level. 
•Xutson*  is  inclined  to  regard  this  plateau  as  a  vast,  uplifted  pene- 
plain. 

Between  Laverton  and  the  South  Australian  border  two  dis- 
tinct types  of  country  were  traversed,  which  are  described  below 
as  the  Desert t  and  Hilly  Zones.  The  Desert  Zone  is  distinguished 
by  almost  complete  absence  of  notable  bills  and  the  frequency 
of  breakaway-country.  In  the  Hilly  Zone  many  hills  and  ranges 
rise  above  the  general  level  of  the  peneplain. 

•  G.S.W.A.  Ball.,  No.  61,  p.  20. 

t  Arid  conditions  of  course  obtain  in  both  sonea. 
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II.— DESERT  ZONE. 

This  zone  extends  aloni?  our  route  from  Hammer  Hill  to 
Townsend  Range.  As  already  noted  it  is  characterised  by  general 
uniformity  of  level  and  absence  of  hills. 

The  lowest  point  determined  by  us  was  on  Lake  Yeo  (1,230 
feet  above  sea-level),  which  is  300  feet  below  Laverton  (130  niiU^s 
distant  in  a  straight  line),  and  670  feet  bslow  Axe  Hill  (about  210 
miles  away,  and  the  highest  point  between  Laverton  and  Townsend 
Range). 

The  following  table  shows  the  heights,  determined  by  aneroid. 
of  various  places  along  our  route  across  the  desert: — 


Locality. 


Laverton  * 

Point  Uhr    . . 

Point  Salvation 

Dunge's  Table  HiU 

point  Sunday 

Miller  Soak 

Can-  Boyd  Rock-Holes 

Lako  Yeo 

Lily  Rock-Hole 

Near  Camp  19 

Amy  Rocks 

Millar  Range 

point  Saunders 

Camp  26 

Camp  27 

Point  Lilian 

point  Roetz 

Camp  near  Cooper  Creek 

Base  of  Faulkner  Hill 

Top  of  Faulkner  Hill 

Camp  No.  33,  2i  miles  N.W 

Hill 
point  Craig  . . 
Manton  Creek 
Point  Read  , . 
Simpson  Hill 
Fig  Tree  Gnamma-Hole 
Axe  Hill 
Depot  Camp 


.  of  F 


etherstonha 


Distance 

Altitude. 

from 

preceding 

localitv. 

feet 

miles 

1,530 

1,560 

4(> 

1.650 

22 

1,570 

10 

..   '         1.530 

15 

1,490 

13 

..   •         1,470 

10 

.    ,         1.2.30 

10 

1.380 

12 

L4.'»0 

^ 
1 

L320 

or: 

..   ;         1.430 

..   '         1,530 

13 

1,390 

13 

1,360 

\n 

1.530 

7 

1.5.30 

14 

1,490 

12 

1.630    \ 
1,760    / 

151 

1M,£ 

(h 

..   1         1,570 

7| 

1.690 

8 

1,760 

12  V 

1,730 

10 

1.820 

7 

L800 

3 

1,900 

13 

1,660 

10 

•  starting  point  of  Expedition. 


A . — S.\XD-C0UNTRY. 

1.  Sand-Plains. — Between  Hammer  Hill  and  Point  Salvation 
there  are  extensi\e  sand-plains  covered  with  the  ubiquitous  spinifes. 
Gnarled  and  twisted  desert  gums  are  dotted  about  on  these  "spinifex" 
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plains  and  give  them  -when  viewed  from  a  distance  the  appearance 
of  open  park-land.  Here  and  there  on  these  plains  are  thick  clumps 
of  midga,  and  occasionally  a  little  wattle  and  quondong. 

The  sand-plains  overlie  granite,  and,  in  the  area  occupied  by 
sedimentary  rocks  to  the  eastward,  their  place  is  taken  by  sand- 
ridges.  On  the  sand-plains  there  are  occasional  sand-ridges,  but 
they  are  so  few  and  far  between  that  they  can  be  easily  avoided  by 
the  traveller. 

It  is  dillicult  to  account  for  the  fact  that,  while  the  sand  derived 
from  granite  tends  to  spread  out  over  a  comparatively  level  surface, 
in  the  sedimentary  area,  and  to  a  lesser  extent  over  the  area  of  acid 
rocks  near  the  South  Australian  border,  it  is  piled  in  long  ridges. 
It  may  be  that  the  sand  yielded  by  the  western  granite  is  coai*ser 
than  that  derived  from  the  weathering  of  the  other  rocks  mentioned, 
and  that  it  is  too  heavy  to  allow  the  wind  to  arrange  it  in  the  form 
of  ridges.  Tlicre  is,  no  doubt,  a  good  deal  of  movement  in  the  sand 
on  the  granite  area,  but  it  appears  to  lead  to  levcUing-up  rather 
than  to  dune-building. 

The  sparse  covering  of  *'spinifex"  materially  retards  moving  of 
sand  by  wind.  On  our  outward  journey  we  crossed  patches  that  had 
been  recently  burnt  by  natives,  and  on  our  return  our  previous 
tracks  were  almost  obliterated,  w^iile  on  the  unburnt  area  they  were 
quite  distinct.  These  remarks  regarding  the  retardation  of  sand 
movement  by  the  growth  of  spinifex  apply  also  to  the  sand-ridge 
area  to  be  presently  described. 

There  is  no  great  amount  of  evidence  as  to  the  depth  of  the 
sand  deposits  on  these  plains,  but  in  all  probability  it  i.s  inconsider- 
able. In  the  middle  of  one  of  the  plains  a  small  outcrop  of  granite 
was  noticed :  and,  in  a  similar  sand-plain  on  the  stock  route  that  ex- 
tends from  Wiluna  to  Kimberley,  bores  that  were  put  down,  showel 
that  bedrock  was  nowhere  more  than  fiftv  feet  below  the  surface. 

2.  Sand-Bid ges. — One  of  the  most  remarkable  characteristics 
of  the  interior  of  Western  Australia  is  the  enormous  development 
of  sand-ridges  which  extend  from  the  northern  edge  of  the  Great 
Southern  Plain  northwards  to  Kimberley,  and  eastwards  to  the 
South  Australian  border,  from  a  line  drawn  from  near  Condon  on 
the  North-West  Coast  througli  Erlistoun,  and  thence  southwards. 
The  continuity  of  the  sand-ridge  area  is  broken  occasionally  by  salt 
lakes  and  ranges  of  hills,  but  the  largest  known  break  is  that  which 
will  be  dealt  with  in  this  re}H)rt  under  the  heading  of  Hilly  Zone. 

North  of  latitude  2(5°  the  general  trend  of  the  sand-ridges,  ex- 
cept in  proximity  lo  the  ranges  and  hills,  is  east-south-ciist  and 
west-north-west;  but  in  the  area  under  review^  the  ridges  have  no 
)?articular  direction,  although  for  considerable  distances  they  are 
parallel  to  one  another.  In  the  northern  latitudes  the  prevailing 
wind  is  from  the  south-east,  and  one  of  us,  who  has  spent  some 
years  in  the  ai'eas  further  north,  has  known  these  winds  to  blow  in 
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the  daytime  with  sufficient  velocity  for  three  weeks  without  a  break 
to  (ill  the  air  with  dust  and  fine  sand.  There  can  be  no  doubt  that 
the  uniform  direction  of  the  sand-ridges  in  the  north  is  due  to  iheir 
formation  parallel  to  the  direction  of  the  wind,  and  that  their  devia- 
tion from  their  uanal  trend  in  proximity  to  hills  is  accoimted  for 
by  the  cliange  in  direction  of  the  wind  near  elevated  and  broken 
ground. 

That  the  sand-ridges  in  the  country  traversed  by  the  expedition 
do  not  conform  to  the  almost  universal  trend  of  those  further  north 
may  be  ascribed  to  greater  variableness  in  the  direction  of  the  win'l. 
No  information  was  obtainable  regarding  the  direction  of  the  pre- 
^  ailing  wind  in  this  region,  but  a  record  was  kept  by  us  from  July 
to  October.     This  is  shown  in  diagrammatic  form  in  Fig.  11.      An 
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inspection  of  this  sliows  that,  except  from  the  north-west  quadrant 
with  only  one  windy  daj%  winds  blow  from  all  directions.  It  ap- 
pears that  we  were  too  far  south  to  feel  the  effects  of  the  steady 
south-east  trade  winds  which  blow  in  lower  latitudes. 

The  distance  between  the  sand-ridjres  varies  from  about  two 
liundred  yards  up  to  nearly  a  mile,  and  the  average  heijirht  is  about 
thirty  feet. 

The  vej^etation  of  the  sand-ridge  areas  is  very  similar  to  that 
which  grows  on  the  sand-))lains  previously  described,  but  there  is 
a  larger  variety  of  plants.  "Spinifex"  is,  of  course,  the  predominant 
<»rowth.  Desert  gums  or  mallee  are  usually  seen,  but  while  the 
former  grow  on  both  tlie  ridges  and  the  Mats  between  them,  mallee 
is  never  seen  above  the  base  of  the  ridges,  ^ulga,  too,  does  not 
j»row  on  the  ridges,  although  in  some  localities  there  are  dense 
clumps  of  it  on  the  flats.  Parakylia  grows  luxuriantly  and  in  places 
disputes  pride  of  place  with  the  spinifex. 

3.  Lakes  and  Clay-Pans. — Occasionally,  in  the  sand-country, 
both  of  the  Desert  and  of  the  Hilly  Zone,  small  clay-lineil  depres- 
sions, perhaps  a  few  acres  in  extent,  were  found  in  which  water  lie> 
for  some  days  after  rain.  The  largest  of  these  **clay-pans"*  was 
that,  seen  but  not  visited,  near  Millar  Range.  Some  distance  west 
of  our  route  lies  "Baker  Lake/'  On  the  outward  journey  this  fea- 
ture was  clearly  marker!  from  the  Hann  Breakaways  by  the  clouds 
of  dust  driven  eastward  olT  the  bare  ground  by  the  strong  wind. 

The  country  between  Blackfellow  Point  and  Wilkinson  Range 
is,  according  to  A?r.  Hann,  mainly  occupied  by  "lake  country''  be- 
longing to  Lake  Yeo.  As  is  well  known,  "lake  country"  in  Western 
Australia  presents  no  scenic  attractions,  nor,  usually,  even  water, 
and  is  particularly  exasj^erating  and  even  dangerous  to  a  party 
equipi^ed  with  camels.  Fortunately  for  our  progress,  only  a  few 
of  the  small  eastern  arms  of  Lake  Yeo  were  encountered. 

B. — BkKAKAWAY-CorXTRY. 

1.  General  Remarks.— Frocjuently,  in  various  parts  of  the 
State,  an  explorer  has  seen  in  the  distance,  and  named  as  a  rarge, 
some  line  of  higher  country  which  a  later  traveller  in  the  same 
region  has  been  unable  to  locate. 

The  elusiveness  of  many  West  Australian  **Ran?e^'"  is 
usually  attributaWe,  not  so  much  to  faulty  majipin^-,  as  to  the  fact 
that  these  "ranges"  are  of  the  j^eculiar  "Breakaway"  type,  which, 
though  rising  boldly  above  the  general  level  on  some  sides,  on  others 
passes  imperceptibly  into  sand-country. 

Excei)t  Mt.  Sefton  and  a  few  granite  knolls  like  those  near 
Point  TJhr,  breakaw^avs  are  the  (mlv  tvpe  of  elevation  seen  at  close 
quarters  along  our  route  from  La\erton  to  Townsend  Range. 

•  An  account,  by  Tate  &  Watt,  of  cUv-pjin^  and  their  prohsible  or  gin  will  be  found  In 
&ep.  Horn  Exped.,  Part  ill.,  pp.  22-2:). 
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Thoug-h  the  following  remarks  are  broadly  applicable  to  break- 
aways in  granite-count rVt  regarding:  which  a  good  deal  has  been 
written,*   we   ])ropose  to   deal   more  particularly  with  breakaways 
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formed  in  the  horizontal  sediments  whieli  occupy  the  country  be- 
t^ween  Dunge's  Hill  and  Townsend  Range. 

By  the  terms  "Breakaways"  and  "Breakaway-Country,"  we  refer 
to  the  many  patches  of  more  or  less  "solid  rock"  which,  from  some 
points  of  view  at  any  rate,  rise  steeply  above  the  sand  country 
already  described  to  heights  varying  from  a  few  feet  to  a  maximum 
of  150  feet.    The  terms  include  both  isolated  "Table-Tops"  (buttes 

Fig.  13. 
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Diagram  showing  the  progressive  weathering  of  a  breakaway. 


or  mesas),  like  Sunday  Hill,  Dunge^s  Hill,  etc.  (Fig.  If)),  and  lines 
of  cliflF-bordered  country  like  Hann  and  Bailey  Breakaways  or 
Wilkinson  Range  (Figs.' 16,  17). 


Invariably,  breakaway-country  is  an  approximately  flat-toppt'l 
rooky  iroct  lioiindod  on  one  or  more  sides  by  steep  or  vertical  faces; 
but,   wliile  tlie  isianil-like  "Table-Toj  s"  are  surrounded  by  cliffs. 


and  are  tlius  typical  buttes  or  mesas,  tlie  larger  patclies  of  break- 
away, tbunpli  rising  abra|)tly  above  sand  country  on  some  sides,  in 
some  directions  merge  .srradiially  into  it.  Tliis  peculiarity,  together 
wiUi  the  unit'iimi  level  of  tlie  country  between  Laverton  and  Town- 
send  Range  (see  p.  40),  sbows  that  tlie  general  conKgu  rat  ion  must 
be  somewliat  tliat  represented  diagrammatically  in  Fig.  12. 
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On  examination  of  the  map  of  onr  route  it  will  be  seen  that 
the  breakawa.v  cliffs  may  face  in  any  direction,  althoiifrh  the  long, 
west-facing  line  between  Point  Lilian  and  Manton  Knob  gives,  oti 
firet  insjection,  an  idea  that  tins  western  aspect  is  the  favourite. 


We  believe  that,  had  not  tlie  variable  winds  of  tliis  region 
(see  p.  42)  piled  the  sand  against  one  side  or  other,  tlie  jintches  of 
breakaway  country,  whether  large  or  small,  woold  be  snrroundei 
by  cliffs.  That  the  buttes  arc  completely  cliff-girt  is  diie  to  shelter 
afTorded  on  the  windward  side  by  neighbouring  breakaways. 


2.     Salient    Featnrefl    of    tutore    Breakavay-Ooimtry-— Tbt 
resemblance    of   such    typical   matnre  Breakaway- Country   as   tht 


I 
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Ilflnn  Breakaways  (Fip.  17)  to  a  broken  coaaHine,  the  sea  beinE 
rejiresented  by  tlie  flat'  skirting  t)ie  base  of  the  breakaways,  out- 
lying islanils  by  mesas  and  Iniltes,  ia  at  onee  apparent  and  makes 
evident  the  appronrialencss  uf  tlie  term  "Point"  applied  by  Mr. 
Ilann  to  the  more  eonspieiioas  [roniontories. 
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We  find  onrstlves,  hpiin?  ascended  the  breakaway  cliffs  from 
the  fringing  belt  of  flat  country,  on  an  almost  plane  surface  sloping 
very  gradually  upwards  from  the  cliff-edge  and  trenched  by  narrow 
steep-sided  watercourses  (Fius.  18  and  21).  The  watercourses 
bave  not  penetrated  far  into  the  type  of  breakaway  now  under  dia- 
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cussion;  tliey  enter  the  heads  of  "bays"  and  "gulfs"  in  the  clff 
line,  Eoraetimes  at  grade  sometimes  over  a  steep  rock-face.  Tie 
siirfare  of  this  fjontly  inclined  plane  gcneriilly  affords  very  "W 
travelling,"  bein-r  irregiiiar  in  detail,  strewn  nitli  honldere,  anl 
covered  witli  a  growtli  of  gnarle:!  and  stunted  "mulga,"  ete.    Miv- 

Fig.  J  8. 


Pholo:    E,    de   C.    Clarke.  Neg.    H63. 

LILT  ROOK  HOLE  (L). — Note  rough  snrfftce  of  Breakava;. 

in;;  away  from  lli"  clifTp,  we  i)rol)nbly  find  oui-selves,  within  a  mile 
or  so,  itHssing  inipertcptibly  inio  sand-country.  Thus  a  traveller 
approaching,  for  I'xamjile,   t!ie  Haan  Brealta«ays   from   the  eaa' 


n-ould  hare  no  inkling  of  tlieir  existence  until,  after  struggling 
over  rough,  stony  ancl  aenibby  ground,  lie  found  himself  on  tha 
edge  of  low  cliffs  overlooking  the  level  fringing  bell. 


iS 


In  I ilaces— generally  near  (he  eliff-edge—gnaiii ma- hides  occur. 
These  are  roiigbly  cylindrical,  varying  in  diameter  and  dcjitli  from 
a  few  inehea  to  several  feet,  often  enlarging  below  and  thus  well 
adapted  for  protection  of  waler  from  e\a|>oralion  (see  aliove, 
page  27).     Water  is  also  held  in  i-ock-boles  in  the  water-courses 


(Figs.  18-21).  It  is  from  its  function  as  gathering— and  rcUioin.' 
— ground  for  water  that  Breakaway-Country  is  important  to  trave- 
lers. 


Koek-lmlfs  ar"!  no  iloubt  cxca^ateil  by  flood  waters  in  the  same 
way  as  llw  oft-dt'seribed  "i>ot-holes."  Gnamma-boles  such  as  tiiose  we 
Hiiw  in  tliis  siindsloiie  eountry,  however,  oannot,  despite  their  K- 
seDiblanre  in  sbajie  to  pot-holes,  be  thus  explained,  for  their  posi- 


tion  on  the  sides  of  grently  sbelving  patches  of  bare  rock  close  to 
Ihe  cliff's  edge  precludes  the  idea  that  where  they  are  was  onee  a 
watercourse.  We  consider  that,  in  the  country  under  discussion 
(and   ne  must  emphasise  that  this  is  sandstone,  not  granite  coon- 


try),  tlie  gnamniB-hules  owe  all  but  their  initiation — as  sligM  hol- 
lows on  the  laterised  surface  in  which  rain  water  collected — ^to  the 
action  of  animals,  including  man,  who,  in  the  effort  to  get  the  last 


drops,  scoop  out  the  materia],  previously  loosened  by  the  chemiea] 
action  of  the  water,  which,  parlicularly  when  low,  carries  a  goon 
deal  of  dissolved  organic  matter." 


In  eontrnst  to  the  ron^li  ground  on  top  of  the  breakaways  i;* 
tliat  found  on   the  level   sldrtins  belt    (Fig.  17),  whieb   varies  in 


*  DlBCutwlon  Qt  tJie  oriflin  ot  BtatiDn\^-ho\'s  Ln  gnnlte  rouDtry  wttr  be  fouod  In 
G.S.W.A.  BullriB.  iJo.  4B,  T'1'  3S-fl  (T«l<»t).  No.  67,  pn.  33-6  <Woffl)w»rd). 
■od  Ho.  ei,  p.  1 10,  Cm.  9  And  U)  (Keldlmsoii).  Ate  tlia  HAFlarcn,  (ifvil.  Kmg.. 
Jul)-.  iei£.  p.  Wl.    All  Uia's  articln,  However,  detl  with  Biumniii-huJ«  In 
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width  from  a  few  chains  to  perhaps  a  mile,  and  separates  the 
breakaways  usually  from  sand-country,  but  sometimes  from  an- 
other more  insignificant  line  of  "opposed  breakawaj's"  (Figs.  12 
and  17). 

Though  outcrops  and  stony  patches  occur  on  this  fringe,  es- 
pecially near  the  foot  of  the  cliffs,  good  travelling  can  generally  be 
found,  for  it  is,  nt  least  in  part,  covered  with  soil  which  supports 
'.  a  fair  growth  of  mulga  or  saltbush  and,  after  the  heavy  rains, 
luxuriant  herbage.  The  fringe  is  generally  traversed  by  shallow 
trenches  cut  by  the  more  vigorous  watercourses  which  descend  from 
the  breakaways. 

Though  the  smaller  breakaway-cliffs  (say  30  feet  or  less  in 
height)  are  nearly  vertical,  more  than  half  the  total  height  of  the 
higher  breakaways  is  made  up  of  a  steep,  rough  slope  strewn  with 
:  boulders  of  all  sizes  (Figs.  14  and  15).  Very  occasionally,  where 
a  cloud-burst  has  lately  caused  unusual  scouring  away  of  this  slope, 
»>olid  rock  is  exposed  at  no  great  depth  beneath  the  talus. 

I  The  topmost  layer  (five  to  ten  feet  in  thickness)  of  the  cliffs 

;       and  of  the  rough  surface  extending  away  from  their  summit  is  hard 

and  resistant,*  the  rock  having  been  converted  into  siliceous  or 

ferruginous  lateritc  by  the  deposition  of  silica  or  iron  oxide  drawn 

io  the  surface  by  capillarity.       Siliceous  laterite  is  not  nearly  as 

common  as  ferruginous.     In  granite  breakaways  the  siliceous  cap- 

])ing,    if   present,    generally    rests    directly    on   weathered    granite. 

■        Breakaways  in  the  sedimentary  rocks  occasionally  show  a  capping, 

seldom  more  than  a  foot  in  thickness,  of  siliceous  laterite,  beneath 

,        which  there  is  an  rbmpt  change  into  the  ferruginous  variety.   There 

'        is  no  well-defined  boundary  between  the  ferruginous  laterite  and  the 

underlying  rock. 

The  laterised  topmost  layer,  if  ferruginous,   frequently  over- 
hangs the  basal  part  of  the  cliff,  in  some  cases  indeed  pronounced 
eaves  are  present.    These  may  be  on  the  promontories,  as  at  Point 
Lilian  (Fig.  22),  up  narrow  gorges  as  near  Point  Lilian,  and  even 
in  such  well  sheltered  spots  as  the  banks  of  small  watercourses  in 
thick   mulga  near  Winterbottom  Rocks.    The  cavities  seen  by  us 
had  evidently  been  used  as  shelters  both  by  animals  and  man,  ihe 
f  oors  being  strewn  with  excrement  and  bones.     Animals  generally 
retreat  to  the  back  of  caves  as  it  is  cooler  and  darker  there  than 
rear  the  entrance.    To  make  a  more  comfortable  resting-place  they 
roll  against,  and  scratch  away  the  soft  material  of  the  floor  an^l 
sides.     The  resultant  dust  is  removed  by  wind.    Aboriginals  use  the 
eaves  in  wet  weather,  and  remove  any  blocks  that  may  fall  from 
roof  or  sides. 


Tt  appean  likely  that  this  hardened  sarface-laycr — ^bolonslng  to  no  partimliir 
ffeokxdral  horizon — Is  oomparablo  to  the  "  Desert  Sandstone  "  to  wliich  there 
are  many  references  In  reports  dealing  with  arid  part8  of  AnstnUa. 


The  cave  roof  is  sometitnea  "lioled  through"  to  the  apiiei 
face  of  the  breakaway,  tlie  openings  being  gnamma-holes  i 
have  been  (apperf  by  the  undercutting  of  the  cliff. 


a 


a 


IS 


It  is  iiBiial  to  find  tlie  inner  wall  of  these  cavities,  nnlt^  re 
cently  disturbed,  footed  with  a  thin  powdery  skin  wliich  flakes  o,l 
at  the  slig:htest  touch.    This  "meal  of  disintegration"  is,  no  doubt. 


67 

due  largely  to  the  great  diurnal  change  of  temperature.*  As  the 
})reakaway  recedes  by  undercutting,  caves  which  ran  in  from  the 
base  of  the  cliffs  of  former  days  may  occasionally  be  preserved 
under  talus.  Such  older  caves  at  lower  levels,  with  their  openings 
blocked  by  debris,  and  accessible  only  by  small  chance  openings, 
were  noted  particularly  on  the  flanks  of  Hann  Table  Top  and 
Faulkner  Hill. 

The  precedinjT  remarks  refer  to  breakaways  capped  by  ferru- 
ginous laterite;  il'  the  capping  be  only  siliceous  it  is,  owing  to  its 
extreme  compactness  and  consequent  suscei)tibility  to  insolation, 
broken  up  into  small  blocks,  and  does  not  project  beyond  the 
underlying  strata. 

.3.  Degraded  Breakaways. — The  Breakaway-Country  forming 
Millar  *'Range"  i.^  divided  by  wide,  flat-bottomed  valleys,  through 
which  run  ill-defined  watercourses,  into  large,  irregularly-shaped 
"islands'*  now  in  course  of  subdivision  by  subsidiary  valleys. 

Still  more  reduced  Breakaway- Country  is  exemplified  by  Win- 
lerbottom  Rocks  (Fig.  24)  and  the  many  low  outcrops  of  weathered 
sandstone  east  of  Point  Saunders. 

Finally,  in  many  places,  when  traversing  the  sandy  country, 
we  parsed  over  low  rises  covered  with  gravel  (Fig.  12)  which  re- 
present the  last  stage  in  the  erosion  of  breakaways,  to  be  covered 
soon  by  the  slowly  shifting  sand. 

4.  Mode  of  I'ormation. —  It  seems  to  us  that  breakaway  coun- 
try cannot,  despite  its  general  resemblance  to  a  coast-line,  be  ac- 
counted for  by  marine  action.  If,  for  example,  the  Hann  Break- 
aways are  a  line  of  cliffs  marking  approxiinately  a  former  sea- 
margin,  we  should  expect  the  Bailey  Breakaways  200  miles  to  the 
vest  and  supposedly  marking  a  much  later  halt  of  the  retreating 
sea  to  be  at  a  distinctly  lower  level;  but,  as  already  noted,  there  is 
marked  uniformity  in  general  level  from  Laverton  to  the  South 
Australian  border. 

Marine  erosion  fails  also  to  account  either  for  small  "opposed** 
breakaways  facing,  and  only  a  short  distance  from,  the  main  cliff -^ 
(Figs.  12  and  17),  or  for  the  presence  of  steep  cliffs  and  caves  in 
the  most  protected  places  on  the  "coast-line,"  and  even  up  the 
narrowest  watercourses. 

All  the  country  between  Townsend  Range  and  Dunge^s  Hill 
IS  composed,  to  an  unknown  but  probably  inconsiderable  depth,  of 
horizontal  Wilkinson  Range  beds  (see  below,  p.  105),  nasked  in 
great  part  by  a  superficial  covering  of  sand,  w^hich  occupies  slight 
hollows  cut  out  of  the  horizontal  beds. 

Given  an  initial  grooving — ])robably  in  less  arid  times  by  a 
nver-system  which  greater  knowledge  of  topography  of  these  parts 
may  enable  us  to  trace — agencies  at  present  in  action  will  account 

•  W.  Ctov,  '*  Wind  Eroftion  In  the  Plateau  Country." — Bui.  Geol.  Soc.  Am.,  Vol. 
19,  p.  58. 


tor  the  formation  and  raaintenanee  of  the  breakaway  tjpe.  Tfae 
covering  of  resistaat  lat«rite — always  formed  over  aomewliat  porous 
yet  fairly  solid  riicks  in  such  arid  regions — protects  from  vertical 


Lilt  not  from  lateral  erosion.  I'ndereuttinf;  is,  as  explained  m  a 
preeeilins;  Bi'ction.  carried  on  by  temperature  changes  causiuE 
flakinff  iifT  of  small  particles,  and  by  action  of  man  and  otiier 
animals.  Tlie  wind  removes  tbe  iincst  particles,  but,  as  in  il'-' 
Hilly  Zone  next  described,  so  in  tlie  breakaway  c<mntry  we  lookci 
in  vain  for  satisfactory  evidence  that  it  is  a  corrading  agent  of  any 
importance. 
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The  layer  of  laterite,  though  protecting  the  less  consolidated 
strata  beneath  from  vertical  erosion,  is  itself  more  susceptible  to 
insolation.  Sudden  changes  of  temperature  are  more  likely  to  cause 
cracking  in  such  a  compact  rock  than  in  the  more  or  less  porous 
underlying  strata  in  which  expansion  and  contraction,  though  no 
doubt  largely  responsible  for  the  "disintegration-meal"  referred  to 
above,  are  compensated  for  by  change  in  the  size  of  the  pores. 
Moreover,  the  projecting  portion  of  the  laterite  capping,  and  dis- 
lodged blocks  of  the  same  material,  being  exposed  on  three  sides, 
are  particularly  liable  to  insolation — as  witnessed  by  the  shattering 
of  talus-boulders  and  the  cracking  and  collapse  of  cave  roofs. 

Sooner  or  later,  then,  the  projecting  part  of  an  undercut 
breakaway  collapses.  The  roof  having  fallen,  the  blocks  lodge  on 
or  roll  down  the  talus  slope.  Further  reduction  in  size  and  con- 
tinued transport  are  effected  partlj'^  by  variations  of  temperature, 
which  cause  not  only  further  cracking  but  downward  creep,  and 
partly  by  the  wash  of  occasional  rains.  Although  the  interior  of 
Western  Australia  possesses  an  arid  climate  there  are  occasions  on 
which  heavy  general  rains  visit  wide  areas,  and  even  in  years  of 
drought  there  are  usually  local  thunderstorms.  The  torrential 
downpours  accompanying  thunderstorms,  and  in  less  degree  the 
lighter  general  rains,  cause  the  talus  to  move  downwards,  the  finer 
material  being  washed  on  to  the  flats  which  skirt  the  breakaways. 

As  they  slowly  travel  away  from  the  retreating  breakaway, 
boulders  are  gradually  reduced  to  pebbles  and  finally,  as  sand,  may 
be  "exported"  bj^  wind. 

While  breakaways  are  being  cut  back  by  insolation  and  animal 
action — ^these  in  the  main  disintegration  agents — and  by  %vind  and 
water — ^in  the  main  transporting  agents — ^they  are  also  being  dis- 
sected by  watercourses  which  isolate  portions  of  the  breakaway- 
eountr>',  as  "table-tops,"  etc.  The  table-tops  are  in  turn  reduced 
to  gravelly  rises,  and  are  ultimately  covered — but  to  no  great  depth 
— ^with  sand.  It  is  probable  that  the  clumps  of  "mulga,"  which 
apparently  does  not  flourish  in  deep  sand,  mark  the  sites  of  van- 
islied  breakaways. 


III.— HILLY  ZONE. 

The  Hilly  Zone  lies  approximately  between  latitudes  25°  40' 
and  26°  20'  south,  and  extends  eastward  from  the  126th  meridian 
to  the  South  Australian  border.  It  may  be  regarded  as  a  large 
peneplain,  and  the  hills  and  ranges  as  monadnocks  upon  it.  The 
peneplain  has  been  reduced  to  its  present  condition  by  normal 
erosion,  and  there  is  no  evidence  that  any  of  the  elevations  are  due 
to  deformation. 
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The  general  height  of  the  ievel  ground  ranges  from  ahout  1,650 
feet  above  sea  level  on  the  flood  plains  of  Elder  Creek  and  Lilian 
Creek,  to  2,100  feet  to  the  east  of  Amy  Giles  Rocks.  Mt.  xVloysius 
rises  to  a  height  of  1,400  feet  above  the  surrounding  country,  but 
none  of  the  other  hills  visited  stand  more  than  700  feet  above  the 
peneplain. 


A. — 'Features  of  the  Peneplain. 

1.  Sand-Ridges.— In  the  eastern  portion  of  the  Hilly  Zone 
there  are  some  extensive  areas  occupied  by  sand-ridges;  the  sand 
forming  them  being  derived  by  weathering  from  acid  rocks.  The 
description  given  of  sand-ridges  in  the  Desert  Zone  applies  also  to 
tliose  of  the  Hilly  Zone,  but  in  the  latter  region  the  ridges  are  usu- 
ally much  farther  apart.  The  width  of  the  intervening  flats  varies, 
being  seldom  less  than  a  quarter  of  a  mile  and  usually  much  more. 

2.  Soil-Plains. — ^Between  the  ranges  and  hills  extensive- 
):lains,  covered  with  soil,  extend  northward  from  the  latitude  of 
Townsend  Range  for  about  twenty-five  miles,  and  eastwa^rd  from 
Elder  Creek  to  a  few  miles  beyond  Mt.  Eveline.  Between  the  latter 
point  and  the  South  Australian  border  there  are  also  some  large 
soil-plains,  but  here  their  place  is  often  taken  by  sand -ridges. 

The  soil  of  the  plains  is  principally  formed  by  weathering  in 
situ  of  the  underlying  rocks,  although  it  is  added  to  by  silt  brought 
down  from  higher  ground  in  flood-time.  There  are  few  defined 
water-couraes  on  the  plains,  as  the  streams,  which  rise  in  the  ranges, 
usually  spread  out  after  reaching  the  flat  country.  The  type  of  soil 
on  the  plains  varies  according  to  the  nature  of  the  country  rock, 
ranging  from  rich  dark  loam  formed  by  basic  rocks  to  light,  sandj'' 
soil  vielded  bv  acid  rocks. 

In  good  seasons  the  soil-plains  supi)ort  a  luxuriant  vegetation, 
but  in  times  of  drought  they  are  even  more  bare  than  the  sandy 
plains,  as  the  only  permanent  vegetation  is  mulga  and  scrub,  whereas 
the  sand-plains  carry  spinifex.  The  rains  that  fall  in  the  summer 
and  autumn  produce  quite  a  different  type  of  vegetation  to  that 
which  follows  a  downpour  in  the  colder  months  of  the  year.  Rain 
between  April  and  September  is  followed  by  a  rapid  growth  of  ever- 
lastings and  other  quickly  growing  annuals,  but  the  perennial 
grasses  and  plants  only  si)rout  when  they  receive  sufficient  moisture 
in  the  hotter  months.  The  latter  type  of  vegetation  lasts  much 
longer  than  the  former;  it  may  become  dry  but  will  afford  pastur- 
age for  stock  for  several  months.  The  annuals,  on  the  other  hand, 
dry  lip  in  the  first  few  hot  days  of  summer  and  the  fii-st  strong  wind 
blows  them  away. 
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B. — ^Features  of  t.hk  Higher  Country. 

1.    Ranges. — The  ranges  in  the  Hilly  Zone  may  be  divided  into 
four  types: — 

(a.)  Long  "whale-backed"  ridges,  with  gaps  at  inier\als,  e.g., 

Warburton  Kange. 
(b.)  Wide  stony  ranges,  with  narrow,  grassy  flats  runninir 
through  them  in  all  directions  and  forming  hills  which, 
although     close    together,     are     quite  separated,  ejj., 
Cavenagh  Range  anil  north  end  of  Barrow  Range. 
(c.)  Large  dissected  masses,  e.g.,  the  western  end  of  Tom- 
kinson  Range   at  Mt.   Aloysius  and  southern  end  ot 
Barrow  Range  at  Mt.  Squires, 
(d.)  Ranges  with  a  steep  escarpment  on  one  side,  and  com- 
paratively gentle  slope  on  the  other,  e,g.,  Townsenil 
Range. 
Lithological  character  is  not  responsible  for  the  configuration  of 
the  ranges  classified  above,  as  the  weatherins:  of  rocks  of  verv  dil- 
ferent   composition   has  resulted   in   the  production  of  ranges     oi 
similar  types;  and,  conversely,  ranges  varying  greatly  in  form  arc 
found  to  consist  of  almost  identical  rocks. 

(a)  Long  ^'whale-hadied^  liidges,  with  Gaps  at  intervals. — 
Ranges  of  this  type  are  representetl  by  Warburton,  Blackstone,  an  i 
Morgan  Ranges.  The  first-named  is  formed  by  a  porphyry  dyke, 
the  other  two  by  basic  plutonic  rocks,  yet,  despite  their  great  litho- 
logical differences,  these  ranges  agree  in  general  configuration, 
being  long,  narrow,  and  flanked  by  rocks  that  are  more  sheared  and 
have,  therefore,  been  more  easilv  eroded. 

7  7  » 

Tile  Warburton  Range  is  about  twelve  miles  in  length  and  runs 
north-west  from  Miller  Hill  to  Elder  Creek.  The  hij»hest  point  (at 
Warburton  cairn)  is  2,320  feet  above  sea  level  by  aneroid;  and  about 
6(50  feet  above  Elder  Creek.  The  range  is  formed  of  two  parallel 
ridges.  The  dejnession  between  is  not  a  continuous  valley,  but  i^ 
cro.'^sed  liy  low  saddles  connecting  the  two  ridges.  Creeks  rise  in 
these  saddles  and  at  intervals  cut  through  one  ridge  or  the  otlier: 
those  cutting  the  northern  ridge  dow  into  Warburton  Creek  or 
spread  out  on  flats,  tliose  cutting  the  southern  ridge  join  HusrlH*^ 
Creek. 

On  the  same  porphyry  d\ke  that  forms  the  Warburton  Ranire 
is  anotlier  shorter  and  lower  ridire  about  five  and  a-half  miles  lon'j. 
extending  from  Cassidy  Hill  to  Mt.  Herbert.  Here,  the  dyke  beini: 
narrower,  there  is  only  one  ridge,  which  is,  however,  cut  through  in 
at  least  one  place  by  a  flat  in  which  there  is  a  watercourse  flowin:: 
from  the  north  to  Lilian  Creek.  By  further  dissection  this  typo 
passes  into  island-hills  linearly  arranged. 

The  Blackstone  Range  was  only  touched  by  us  at  its  extreme 
eastern  end,  but  we  had  good  views  of  it  from  the  north  and  south. 
It  extends  for  nearly  twenty  miles  in  an  east  and  west  direction,  and 


i     broken  in  two  plarea  bj  bi-oad  gups   (ks 
omicd  oE  basic  pliitonic  rocka. 


Plate  III.).       It  i 


Tlie  Morgan  Ilanye  is  formed  o£  tlio  stime  rork  as  llic  Blark- 
stone    Kange,  and  in  appearance  is  exactly  fiimilar  excei>t  thai  il  is 
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not  broken  by  any  gaps,  and  is  very  much  Ehorter,  being  only  about 
live  miles  in  len.irtli, 

(b.)  Wide  Ranges  completely  traversed  by  grassy  Fiats. — 
The  Carenaijk  linnge,  formed  o£  basic  plutonic  rocks,  is  about 
se\en  milt's  across  froni  eont  to  west.  It  appeared  to  extend  far 
sniitli  of  our  course,  but  its  length  was  not  determined. 


\'iciii>ii  from  a  distance  (FijT.  2fi)  tlie  range  appears  to  be  a 
rusr^XPfl  mn-s  of  connected  liills.  Closer  inspection  sbows  that,  while 
(liere  is  n  rp:ii8rl;olile  absence  of  blind  gullies,  tbe  ran^  is  com- 
pletely traversed  in  all  directions  by  narrow    flats,  usnally    with 


watercourses  in  their  lower  jiarts.  which  (li\i<le  it  into  irregularly 
shai>e"i  hills  of  vuryinjr  sizes — some  probality  ten  miles  or  more  in 
cin'umi'ercnce.  All  the  watercourses  which  we  saw  flow  westward, 
and  that  at  Fort  Mueller  rises  ensi  of,  and  runs  in  a  remarkably 
straight  line  throiigli,  the  ratifre. 
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Il  was  nofiped  Ihal.  wlicreas  tlit'  flatK  bonlering  on  or  entering' 
liills  of  any  other  niek  are  |)l en ti fully  Ktreivn  willi  boulders,  in 
Cavenapii  Ran^e  |iebble«  and  boulders  i^oiilt)  only  be  foiin<I  jii^t 
at  the  foot  of  tlie  steep  slope,  so  tliat,  even  in  narrow  valle>'s  eutlin:: 
llirough  liifrb  hills,  good  travellinK  for  camels  eould  be  espeeteil. 
The  jointing  of  the  basic  roeks  gives  the  prei'ipilous  upper  ))am 
of  (lie  hills  the  appearance  of  rude  masonry  (Fip.  2fl),    As  soon  as 


|lH,s^'  on  to  tlie  frcntler  foot-sloiies.  angular  monoliths  are 
leiii  hy  rounded  ln)uiiiers,  which  quickly  diminish  to  pebbles  a 
quii-kly  pnsK  into  grit  and  rc<l  tioil.  The  U)iper  and  fuol-sh'i 
Ty  only  s|iinif(';(,  growing  in  eliini(w  between  the  stones;     i 


bixindary  of  the  ruiigli  grountl  is  lints  marked  by  a  ulear  line  sepa- 
rnting  sptnifex  from  the  varied  vegetation  of  tlie  valley-tbov.  This 
sudden  change  ia  probably  due  lo  rapid  chemical  decomposition 
of  the  rock  once  it  is  brought  under  tlie  influence  of  organic  aci'ls 
f  rum  vegetation. 

Pig.  30. 


Phoio-    E.   de   C.    Clarke  Xc,;.    1477. 

Ht  SQXnBES  FBOH  THE  EAST.— A  "Dissected  Mass"  of 
acid  lock. 

Tlie  sequence  of  evcnls  leading  to  the  oan-inir  out  of  such 
features  as  the  t'avenagh  Range  is  ])robabIy  us  follows: — 

Long  ai;o,  j!ejha[w  in  Tertiary  times,  the  general  land-suvfaen 
iif  Western  Austrtilia  was  much  higher  than  at  present,  and  the 
t'liire  resistant  roi-ks  had  not  yet  begun  to  stand  up  ns  hills  above 
those  more  easily  removable.  At  that  time  rainfall  uas  much 
heavier  than  now,  and  streams,  rising  in  higher  ground  to  the  east. 
flowed  west  over  the  future  site  of  Cavenagh  Range,  widening 
their  course  on  both  sides  of  it  in  the  soft  gneissic  rocks,  and 
ciitling  narrow  gorges  through  the  resistant  basic  rocks  which 
^adiially  rose  above  the  wreckage  to  form  the  present  range. 


I  s 
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The  rainfall  is  now  only  suflScient  to  maintain  the  existing 
'vatercourses  against  the  drift  of  wind-home  materials. 

Under  present  conditions  insolation  plays  a  predominant  part 
in  the  slowly  jiroceeding  degradation  of  Cavenagh  Range.  The  com- 
ponent rocks  are  hard  and  brittle,  and  so  are  very  likely  to  crack 
when  subjected  to  the  rapid  changes  of  temperature  which  are  well 
known  to  be  the  rule  in  these  regions.*  It  was  probably  the  rend- 
ing and  falling  of  rocks  caused  by  this  agency  which  gave  the  noises 
ascribed  by  Giles  to  earthquakes,  f 

The  North  End  of  Barrow  Range,  which  consists  of  acid 
igneous  rocks,  in  some  respects  resembles  Cavenagh  Range.  It 
consists  of  numerous  isolated  hills,  but  the  intervening  flats  are 
stony  and  wider  than  those  just  described;  moreover,  the  water- 
courses do  not  traverse,  but  rise  in,  and  radiate  out  from,  the  range. 
This  portion  of  Barrow  Range  is  the  remnant,  much  dissected  by 
watercourses,  of  a  large  hilh'  mass  like  those  described  below. 

(c)  Large  dissected  Masses. — Examples  of  this  type  are  the 
south  end  of  Harrow  Range  at  Mt.  Squires  (Fig.  30),  the  west  end 
of  Tomkinson  Range  at  Mt.  Aloysius  (Fig.  31),  and  Mt.  Eveline. 
^It.  Gosse  (Fig.  32),  which  we  saw  from  its  base,  but,  owing  to  the 
attentions  of  the  blacks,  were  unable  to  ascend,  also  belongs  to  this 
class,  and  several  other  hilly  masses  were  seen  from  the  top  of 
Mt.  Alovsius. 

Mt.  Aloysius,  Mt.  Squires,  and  Mt.  Eveline  are  respectively 
;i,650,  2,450,  and  2,190  feet  above  sea-level,  and  1,400,  650,  and  430 
feet  above  the  plain-country  surrounding  them.  Deep  gullies  rise 
near  their  highest  points  and  radiate  outwards  to  the  plain. 

These  masses  are  to  be  regarded  as  remains  of  some  of  the 
highlands  of  that  remote  rainy  period  mentioned  above.  Unlike 
the  Cavenagh  Range,  they  were  even  then  high  ground,  and  so 
determine  the  dramage-system  in  their  neighbourhood  instead  of 
having  a  drainage-system  imposed  on  them.  High  upon  the  south- 
ern and  eastern  slopes  of  Mt.  Squires  a  remarkable  bench-like 
ledge  runs,  at  an  approximately  uniform  level,  across  the  spurs  of 
the  mount.  A  similar  feature  was  noted  on  the  lower  wastem  flanks 
of  Mt.  Eveline.  It  is  also  indistinctly  perceived  on  Mt.  Aloysius 
and  in  parts  of  ibe  Warburton  Range. 

Our  observations  were  too  hurried  to  justify  more  than  passing 
reference  to  these  interesting  features,  which  are  probably  relics  of 
pn  older  drainage  system. 

North  of  Scamp  Creek  lies  an  area  of  low  rugged  hills  com- 
posed of  granular  por])hyry.  This  rock  is  traversed  by  vertical 
or  steeply  inclined  joint-planes,  causing  the  rock  to  split  into  slabs, 
which   tisnally  lie  edge  upwards.     This  area,  which  is  drained  by 


•  See.     for    example,    "  Acrom  Awtralia  "  (Baldwin  Spencer  and  F.  J,  GlUen). 

Vol.  1,  p.  149. 
t  "  Austmlla  Twice  Traversed."    Yo|.  1,  p    240. 
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numeroiia  waterouiirKes  and  foriuK  an  exceed iogty  rougli  bit  of 
country,  is  best  restardeil  as  iiilermediate  in  ebaracter  between  tlie 
lull-type  desi'ribed  in  tbis  section  and  tbat  exeinpiiftert  by  the  north 
end  of  Barrow  Rangi". 
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((i.)  Ttangen  showing  xfeep  Ern-nrpmenU  and  gentle  Dip- 
Slopes. — 'rownsfii.l  Bflnj-'o  is  tlie  most  striking  representative  of 
lliis  ^n^iip,  hut  n  low  rid^e  of  tlie  same  cliaraeler  runs  south-east 
Irom  near  tlie  junetion  of  Elder  and  Hughes  Creeks,  and  Hocking 
Range,  whieh  we    saw  only  from    a    distance,    is    probably   also 


Towusen.I  Kiufie,  in  ].ljir.'s  rising  over  2,0(10  feet  above  the 
sea  and  3,"iO  feel  or  more  nbove  the  phiiii-eoHntry  In  tile  north, 
]iresents  a  bold  esearpment  to  the  niirlh  (Fi^.  8).  T)ie  ranfte  is 
composed  of  hard  nuartzite  dipping  soutii  at  about  2.1°,  tills  angle 
being  approximately  the  slope  of  the  soiithem  face  of  the  range. 
On  the  south  side  deep  ravines  cut  back  into  the  range,  but,  with 


.iect,    topography  obviously  suggests   the   presents   of  a  dip-fanlt 
nhioh  1-ilian  Creek  lias  followed  in  tutting  down  tlirougb  the  range. 


9  = 


2.  laland-HillB.— Refei-ence  to  Plates  11.  and  III.  shows  that 
in  the  Hilly  Zone  iiicre  are  i.«olated  hills  in  all  kinds  of  rock.  They 
are,  however,  most  numerous  in  the  acidic  roek  areas.  Few  of  tlie.ri 
I're  more  than  201)  feet  hIhivc  the  surrounding  fnunlry,  yet  they  aru 
often  visible  for  over  twenty  miles,  and  so  make  itoimI  t-iiides  for 
travellers,  and  would  facilitate  tri angulation. 

The  iHland-hills  are  generally  covered  with  more  or  less  angular 
debris  (Fig.  33)  on  which,  anil  on  the  underlying  rock,  flaking  off 
vC  fragments  by  insolaticm  is  the  miBSt  aeti\e  eroding  process  now 
in  force-     Downward  creep,  caused  by  changes  of  temperature  ami 


74 

occasional  rains,  toffetlier  with  removal  of  tlie   finest  particles  by 
wind,  are  the  cliief  transport  processes. 

Somo  of  the  ifiluml-bills  arc.  as  alrtady  noleil  (p.  Vt'l).  the  re- 
mains of  dissected  "Hiiale-backs*'  (Fijr.  'M).  Isolated  knobs  in 
granite  country  owe  tlieir  existence  eitlier  lt>  tlie  |Jresence  of  a 
dolerite  dyke  (t'ig'.  3'))  or  to  finer  grain  or  absence  of  shearing;  in 
the  grsnite  itseU'  (see  p.  S(i). 


the  ile^^ailatiou  of  these  knolls  t 


.1.  Waterconnes. — The  level  firoimd  surroniulinp  the  ranges 
^n«i  hills  has  l>pen  reduced  lo  (lie  base-level  of  erosion,  consequently 
.vatercourses  which  rise  in  the  elevated  frround  soon  lose  their  ereek- 


]ikc  form,  and  jt|ireail  out  over  tlie  tint  jrrounil.  If  the  creeks  ran 
€-<mtinuiiMKly,  or  even  frequently,  the  water  carried  by  tliein  would 
lixige  in  depressions  and  form  lakes;  but  they  flow  unly  at  irregular 
inten'als,  perhaps  not  for  several  years. 

The  water  discharged  on  to  the  level  jrround  after  a  droiigiif 
is  quickly  absorbed  by  the  parched  soil,  or  disappears  through  the 
-joints  and  cracks  in  the  solid  rock. 
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Elder  Creek  and  its  numerous  branches  are  the  most  important 
\\  atercourses  in  tlie  Hilly  Zone,  but  the  main  creek  is  only  fifteen 
miles  lonp.  Above  its  junction  with  the  Hughes,  Elder  Creek  has 
a  well-defined  channel,  but  below  the  confluence  it  begins  to  spread 
out,  and  in  a  feAv  miles  loses  its  identity. 

Lilian  Creek  is  another  important  w^ater  channel.  It  rises  in 
the  hilly  ground  between  Mt.  Herbert  and  Cassidy  Hill,  flows 
through  the  water-gap  of  the  Townsend  Range,  and  shortly  after- 
wards spreads  out  on  a  flood  plain. 

North  of  Townsend  Range  the  creek  has  several  branches,  but 
all  of  them  have  badly  defined  channels,  merely  narrow  mulga  flats 
between  low  travertine  rises,  by  which  water  after  heavy  rain  finds 
its  way  to  the  low  ground  of  the  flood  plain  referred  to. 

Watercourses  rise  in  all  the  ranges  previously  described,  but, 
excepting  those  just  mentioned,  they  spread  out  over  the  flat  ground 
soon  after  leaviU;?  the  hills  in  which  they  have  their  source. 
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I.  INTRODFCTORY. 

The  eircumsiances  under  which  the  geology  of  the  country 
between  Laverton  and  the  South  Australian  border  was  examineil 
are  mentionec'  on  p.  Hi. 

The  trip  was  simply  a  .s?eological  reconnaissance,  and  it  roust 
be  clearly  undci-stood  that  the  boundaries  of  the  different  forma- 
tions, except  wliere  crossed  by  our  routes,  are  drawn  on  very 
slender  evidence,  and  at  the  best  are  only  approximate. 

The  amount  of  possil)ly  auriferous  country  in  the  area  which 
w^e  have  examined  is  small.  Information  on  this  important  subject 
will  be  fouiid  under  **»:rot'i)st(mes"  (pp.  80-84),  and  in  the  chapter 
on  Economic  Geoloerv. 
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A  simplified  and  generalised  account  of  the  main  geological 
features  observed  during  the  trip  is  given  in  Chapter  I.,  in  which 
also  (p.  17)  are  defined  the  three  sections  ("Warburton  Area," 
**Dunge's  Hill — Townsend  Range  Section,"  and  "Laverton — Dunge's 
Hill  Section'-)  into  which  the  country  examined  has  been  divided 
for  purposes  of  geological  description. 

II.     PREVIOUS   GEOLOG-ICAL   WORK. 

The  geolog>'  of  Central  Australia,  of  which  the  Warburton 
Area  is  a  part,  has  been  dealt  with  more  or  less  incidentally  by 
all  its  explorers.  The  most  important  contributions  to  our  know- 
ledge have  been  made,  however,  by  the  following  writers,  in  whose 
works,  and  in  the  Annual  Report  of  the  South  Australian  Govern- 
ment Geologist,  1.015,  references  to  the  complete  literature  of  the 
.^•"ubject  may  be  obtained: — 

H,  Y.  L,  Brown  (S.A.  Pari.  Paper  No.  45,  1890,  "Report  on 
journey  from  Warrina  to  Musgrave  Ranges"),  Government  Geo- 
jojiist  of  South  Australia,  spent  about  three  weeks  in  the  latter 
l>art  of  1889  in  examining  the  Musgrave  Ranges.  Mr.  Brown  after- 
wards wrote  other  papers  on  the  geology  of  Central  Australia  in 
which  his  views  as  to  the  age  of  the  sedimentary  rocks  were 
laodified. 

ir.  //.  Tietkens  (S.A.  Pari.  Paper  No.  III.,  1800,  "Journal  of 
Mr.  W.  H  Tietkens'  Central  Australian  Exploring  Expedition") 
ill  1889  travelled  from  Alice  Springs  through  the  Macdonnell 
Kanges  for  about  50  miles  into  West  Australian  territory  between 
latitudes  23°  and  24°,  naming  Lake  Maedonald  and  the  Kintore, 
Honython,  and  other  ranges.  His  geological  specimens  were  briefly 
described  by  Mr.  H.  Y.  L.  Brown  (loc.  cit,^  p.  32). 

r.  Str'eich  (Trans.  Roy.  Soc,  S.A.,  Vol.  XVI.,  p.  74),  with  the 
Elder  Exploring  Expedition  in  1S91  (see  above,  p.  21),  Avas  the 
first  geologist  to  traverse  part  of  the  Warburton  Area. 

Ralph  Tate  and  J.  A.  Watt  ("Rejiort  on  the  Work  of  the  Horn 
Scientific  Expedition,"  Part  111.,  published  1896)  made  many  im- 
portant obser\'ations  in  the  Macdonnell  Ranges  in  1804.  Their 
NNork  on  the  older  sedimentary  rocks  is  specially  valuable. 

//.  Basedow  v  "Geological  Report  on  the  Country  traversed  by 
the  South  Australian  Government  North-West  Prospecting  Ex- 
pedition, 1903,"  Trans,  and  Proc.  Roy.  Soc,  S.A.,  Vol.  XXIX., 
p.  57)  examined  the  geology  of  a  tract  extending  westwards  from 
the  Musgrave  Ranges  to  Mt.  Gosse,  in  Western  Australia. 

R.  Lockhart  Jack  (Bull.  No.  5,  Geol.  Surv.,  S.A.,  "The  Geology 
of  the  Musgrave  Ranges,"  etc.),  in  1914,  made  extensive  explora- 
tions in  the  eastern  part  of  the  Musgrave  Ranges. 

Further  reference  to  the  investigations  mentioned  above,  and 
also  to  others,  will  be  found  in  the  detailed  account  of  the  geology 
of  the  Area. 
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Excepting  a  few  observations  by  F.  Streich  (loc.  cit.,  pp.  91- 
92)  on  the  geolos'v  of  the  desert-country  south  of  our  route,  we 
have  found  no  account  of  the  formations  occurring  in  the  country 
bordering  on  that  between  Dunge's  Hill  and  Townsend  Range. 

Previous  geological  work  in  country  adjacent  to  the  Laverton- 
Dunge's  Hill  section,  as  defined  in  Chapter  I.,  is  confined  to  C.  G. 
Gibson's  investigations  (G.S.W.A.  Bull.  No.  24,  1906,  "The  Laver- 
ton,  Burtville,  and  Erlistoun  Auriferous  Belt''),  in  course  of  whini 
he  examined  the  vicinity  of  Laverton,  and  also  tlie  Cosmo  Newbem 
Ranges,  the  country  at  Mts.  Shenton  and  Venn,  and  the  Ulrifh 
Range  on  the  south-east  side  of  Lake  Wells.  Further  reference  tn 
Gibson's  work  will  be  made  later. 

III.    WARBURTON   AREA. 

The  two  outstanding  geologiciil  features  of  the  Warburton 
Area  are:  firetly,  tlie  relatively  large  area  occupied  by  metamor- 
phosed acidic  rocks  and,  in  the  Avestern  portion,  the  development  of 
three  «Teat  porphyry  dykes;  secondly,  the  prevalent  east-and-west 
trend  of  the  various  formations,  which  contrasts  with  the  general 
north-and-south  direction  of  the  granite  and  greenstone  bands  in 
the  West  Australian  goldfields  as  far  north  as  latitude  26°.  In  the 
preponderance  of  acid  rocks  and  the  east-and-west  trend  of  forma- 
tions, as  in  other  respects,  the  geolog>'  of  the  Warbuvton  Area  re- 
sembles that  of  other  described  parts  of  Central  Australia,  from 
which,  however,  it  diffei's  in  its  comparatively  strong  develoimiont 
of  metamorphosed  basic  rocks  (greenstones)  and  in  the  importance 
of  its  por})hyry  dykes. 

Perhaps  the  feature  of  widest  geological  interest  is  the  prt^ 
sence  of  rocks  of  charnockite  aftinity  now  first  definitely  recordei 
from  Central  Australia. 

A.    Metamorphosed  Rocks. 

The  rocks  in<  hided  under  this  head  occu])y  the  greater  part  ui 
the  Warburton  Area. 

1.    Greenstones. 

(a)  General  Character  and  Distribution. — The  majority  of 
llie  greenstones  are,  according  to  Mr.  Farquharson,  medium  to  tine- 
grained  fibrous  epidiorites  and  amphibolites  derived  from  dolerite^ 
or  gabbros.  They  have  been  very  considerably  epidotised  aii'i 
zoisitised,  and  their  original  augite  has  been  almost  completely 
altered  to  fibrous  hornblende  or  to  clilorite.  The  shear-planes  by 
which  the  greenstones  are  traNcrsed  have  a  general  north-west  strike. 
I.e.,  not  parallel  to  the  general  "run  of  the  country."  The  green- 
stones carry  fairly  numerous  quartz  veins  and,  as  mapped,  cover 
rn  area  of  about  406  square  miles,  running,  as  four  irregular  beh< 
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separated  by  porpliyry  dykes,  in  a  direction  a  little  south  of  east 
iVoin  Warburton  Hange  for  more  than  40  miles  to  the  vicinity  of 
IJarroTv  Range.*     To  the  north  they  are  bounded  by  granites  and 
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•  We  saw  no  greenstone  In  t'avonagh  Kan<»e.  Thomson,  however  (Jour.  &  I»nK". 
Roy.  8oc.,  N.8.W.,  Vol.  XLV.,  p.  ?«8).  dt^crlbes  an  amphlbolite  In  Mic 
Stretch  collection  "  from  the  Cavenagh  Range." 
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other  acid  rocks;  to  the  south  they  are  overlain  by  the  Townsend 
Kange  series,  which  is  probably  of  ordovician  age. 

The  greenstones  are  like  those  of  the  West  Australian  gold- 
fields,  and  it  is  the  knowledge  of  their  occurrence  near  the  War- 
burton  Range  which  has  roused  hopes  of  finding  payable  gold  de- 
posits there.     This  question  is  discussed  in  Chapter  IV. 

(b)  Relation  to  other  Rocks, — The  porphyries  and  granites 
are,  for  reasons  Aven  in  dealing  with  them,  regarded  as  younger 
than  the  greenstones. 

The  metamorohosed  sedimentary  rocks  and  Townsend  Range 
Series  apparently  overlie  the  greenstones  uncomformably,  but  the 
former  have  been  affected  by  some  of  the  earth-movements  which 
acted  on  the  greenstones. 

(c)  Petrology  and  Details  of  Field-Occurrence. 

(i)  First  or  \orth  Brit. — Evidence  for  the  existence  of  thii* 
belt  was  only  obtanied  in  two  localities,  and  may  be  summarised  as 
follows: — Travelling  from  Mt.  Waugh  to  Mt.  Eveline  our  route 
lay  at  first  through  a  gap  in  the  hills  where  no  outcrops  were  ob- 
served. 130  chains  soutli  of  Mt.  Waugh  we  crossed  a  bar  of  dense 
black  rock  [^^^j^^,^]*  with  irregular  patches  of  much  lighter  colour; 
this  rock  has  been  proved  by  Mr.  Farquharson  to  be  one  of  the 
fireenstone  series,  namely,  a  fibrous  zoisitic  amphibolite.  A  small 
exposure  of  metamorpliosed  sediments  (see  p.  94)  was  then  crossed, 
tiien  a  narrow  band  of  a  rock  [^y^'iff]  which  is  probably  a  somewhat 
slieared  greenstone  (amphibolite),  then  a  small  porphyrj'  dyke 
(see  p.  ni),  after  which  epidote-quartz  greenstone  like  that  de- 
scribed below  outcrops,  until  we  i)ass  on  to  the  Eveline  porphyr}' 
dyke  (see  p.  92). 

Again,  near  the  north-Avest  corner  of  the  area  the  character  of 
the  debris,  including  boulders  of  lustre-mottled  amphibolite,  in  the 
upper  part  of  Johnson  Creek  and  near  Camp  45,  indicates  the  pres 
ence  of  greenstones.  There  is,  indeed,  no  evidence  to  justify  the 
linking  up  of  tlieso  occurrences  Avith  those  near  Mt.  Waugh  into  a 
continuous  belt.  This,  however,  we  have  done  because  it  Ls  of  prac- 
tical imi)ortance  to  indicate,  however  faultily,  the  pos^^ible  extent 
of  the  ^reenstonci^,  i.e.,  of  "likely"  country. 

It  is  necessary  here  to  call  attention  to  the  difficulty  regarding 
81)ecimen  [y^^^j]  which  is  dealt  with  on  page  98. 

(ii.)  The  Second  Belt  extends  from  Elder  Creek  to  an  undefined 
point  about  ten  miles  east  of  Mt.  Weir.  How  far  west  of  Elder 
Creek  it  mignt  be  traced  is  not  known. 

The  greenstones  of  this  belt,  where  not  close  to  porphyry  dykes, 
are  generally  rather  coarse-grained,   and,   in   the  field,  show  dear 
evidence  of  sliearin«i'.     Near  Camp  42  particularly,  they  often  pr«^ 
ject  above  the  general  ground-level  in  great  up-ended  sheets.    Speci- 
men [toVoI  fi'<>»i    this    neighbourhood    is    described    as    a    coarse- 

•  Petroloffical  doMcriptions  of  most  of  the  specimens  referred  to  by   registered 
number  will  be  found  In  Appendix  A. 


83 

grained  fibrous  ei)ifliorite.     The  same  bar  of  rock  is  seen  again  at 
t[ie  junction  of  Johnson  and   Elder  Creeks. 

Near  the  porphyry  dykes,  which  bound  this  belt  to  north  and 
south,  tlie  greenstone  is  very  fine-grained  and  carries  many  small 
c|uartz  veins  and  much  ejndote,  e.g.,  [y^jVij]- 

(iii.)  Third  Belt. — The  map  shows  thus  extending  from  Elder 
Creek  to  the  south  end  of  Barrow  Kange.  It  could  probably  be 
traced  farther  at  its  west  end. 

East  of  Miller  Hill  the  greenstone  of  this  belt  is  apparently 
almost  entirely  a  very  tine-grained  highly  epidolic  rock,  ejj.[^^^^'] 
in  many  places  studded  with  irregular  blebs  of  quartz  up  to  half-an- 
inch  in  diameter.  Here,  and  also  in  the  Second  Belt,  the  fine- 
grained phase  of  greenstone  appears  to  result  from  contact  meta- 
niorphism  by  the  intrusive  porphyry  dykes,  for,  a  short  distance 
away  from  the  intrusion,  the  greenstone  has  graded  into  the  typical 
rather  fine-grained  zoisitized  and  chloritised  dolerit€[y^^jy]  in  which 
tliere  are  occasional  bars  of  the  very  fine-grained  variety. 

Massive  rocks,  similar  to  that  just  mentioned,  were  noted  fre- 
quently on  the  left  bank  of  Warburton  Creek  as  far  down  as  our 
route  followed  it.  On  the  right  bank  is  exposed  a  dull-green,  soft, 
slaty  rock.  A  specimen  [^o^j?^]  is  described  as  "a  fine-grained  finely 
foliated,  slaty,  chlorite  seliist.^^ 

In  some  parts  of  the  Western  Australian  gold  fields  rocks  like 
[^^^ff]  and  [yq^i:^^]  have  been  proved  to  be  merely  different  phases  of 
the  same  rock-mass,*  and  those  found  along  the  Warburton  (Veek, 
although  occurring  so  close  togetlier  as  to  leave  very  little  room  for 
intermediate  stages,  must  be  similarly  regarded  as  mere  varieties. 

(iv.)  Fourth  or  South  Belt  and  Frank  Scott  Hill. — To  map, 
even  approximately,  the  boundary  between  the  greenstones  and  the 
liase  of  the  Townsend  Range  Series  of  sedimentary  and  volcanic 
rocks  would  necessitate  more  detailed  examination  of  the  rocks  of 
tbe  Lilian  Creek  Basin  than  we  could  attempt.  Moreover,  the  basal 
members  of  the  Townsend  Range  Series  are  easily  mistaken  for 
g^reenstones,  so  that,  to  fix  the  boundary,  a  large  suite  of  specimens 
would  have  to  be  microscopically  examined. 

Rocks  assigned  to  the  greenstone  series  outcrop  on  the  south 
side  of  the  Warburton  porphyry  dyke,  both  near  Mt.  Herbert  (see 
Fig.  43  and  [^^J^^])  and  again  further  to  the  east.  In  these  places 
they  are  seen  almost  in  contact  with  the  basal  beds  of  the  Townsend 
Kange  Series,  which  are  thought  to  overlie  them  unconformably. 

Again,  greenstone  rubble  and  outcrops  occur  at  Ainslie  Hill 
and  in  the  neighbourhood  of  Hughes  Creek,  where  the  greenstone  is 
unconformably  overlain  by  the  Townsend  Rang^  Series.  Tlieso 
occurrences  are  the  only  justification  for  the  at-f^a  ot  '^eenstone 
sliown  south-west  of  Warburton  Range. 


•  See  for  example  O.S.  W.  A.,  Bull.,  Xo.  68,  pp.  69-70. 
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A  patch  of  frreenstone,  in  which  Frank  Scott  Hill  is  the  most 
prominent  feature,  extends  for  about  five  miles  in  an  east-north-east- 
Avest-south-west  direction,  and  is  probably  overlain  by  the  lower 
beds  of  the  Townsend  Range  Scries  to  the  north,  west,  and  south. 
Xothinjf  is  known  as  to  its  eastern  limits. 

Frank  Scott  Hill  [|yth]  ^^  ^  massive  medium-grained  green- 
stone (a  chloritised  and  zoisitized  uralitic  epidiorite),  but  it  is 
bordered  by  chloritic  slate  like[j^g?jj5]  for  a  distance  of  about  2l) 
chains  to  tlie  east-north-east.  The  only  other  outcrops  obser\'ed 
in  our  five-mile  traverse  across  this  patch  were  of  fine-graine<l  epi- 
tlote-quartz  rock,  like  that  mentioned  above. 

(d.)  Correlation. — A  comparison  of  the  Warburton  green- 
stones with  those  of  the  Western  Australian  Goldfields  and  com- 
ments on  the  relative  abundance  of  these  rocks  as  compared  with 
tlie  ('entral  Australian  country  to  the  east  will  be  found  in  Ap- 
pendix A,  pp.  146  and  147. 

(e.)  Economic  Possibilities. — These  are  discussed  in  the  next 
cliaper. 

2.    Acid  Plntonic  and  Dyke-Rocks. 

(a)  General  Character  and  Distribution. — Our  conclusions, 
which,  as  in  the  case  of  the  Greenstones,  are  based  on  meagre 
evidence,  may  be  thus  summarised:  — 

Of  the  3,000  square  miles  included  in  the  Warburton  Area  at 
least  2,200  square  miles  are  occupied  by  acid  rocks,  the  eastern 
))art  of  the  area  being  composed,  in  the  main,  of  acid  plutonio 
rocks  wliich  aj)pear  to  send  off  westward  great  dykes,  and  thus 
si'i)arate  the  greenstones  into  the  **belts'*  just  described.  The 
uiaririn  of  this  great  acid  plutonic  batholith  is  finer  grained  than 
the  inner  portions.  This  marginal  phase  thus  approximates  in 
j)ctrological  character  and  general  appearance  to  the  porphyry- 
dykes,  but  differs  from  them  in  its  granular  structure  and  in  beins 
generally  destitute  of  phenocrysts.  Again,  two  types  of  plutonii 
rock  were  recognised  in  the  field — one  characterised  by  its  pink, 
the  other  by  its  grey  colour — the  pink  variety  being  generally 
found  only  near  the  granular  por|)hyry  margin.  The  acid  plutonic 
and  dyke  rocks  have  been  in  different  places  very  differently  affected 
by  dynamic  metamorphism;  in  some  (particularly  the  dyke-por- 
]>hyries)  dynamic  strain  can  be  detected  only  with  the  aid  of  tlio 
microscope;  in  o'liers  intense  shearing  with  abundant  development 
of  garnets  is  obvious  to  the  naked  eye.*  It  is  in  such  zones  of  in- 
tense deformation  that  the  rocks  of  charnockite  affinity  were  found. 
However,  in  spite  of  tlie  differences  between  extreme  types,  inter- 
mediate types  connecting  tliese  extremes  have  been  found,  and  we 
are    force<i    to    conclude    that    the    acid    ])lutonic    and    dyke   rocks 

*  The  Htrike  of  the  shear-planes  in  these  areas  of  intense  shearing  is  approximately 
north  and  south  (see  below  p.  89).  We  have  not  sufficient  observations  to 
Justify  the  asRertion  that  all  major  shear-planes  have  this  strike. 


8i5 

ori^nated  from  one  mass  of  molten  roek  as  uniform  in  composition 
as  such  a  great  mass  could  be  exi)ected  to  be,  thoujrh  possibly  the 
dyke- porphyries  welled  up  a  little  later  than  the  other  rocks  of  the 
group. 

In  several  localities,  e.g.,  Warburton  Cairn,  Mt.  Squires,  Light- 
nings Rock,  and  Mt.  Scott,  the  presence  of  magnetic  minerals  was 
indicated  by  a  slight  variation  (less  than  3°)  from  the  normal  read- 
ings of  the  compass. 

(b)  Relation  to  other  Rocks. — That  the  porph3rritic  members 
of  the  series  under  discussion  are  intrusive  into  the  greenstones  is 
fairly  evident  from  their  course  on  the  map.  It  was  noted,  more- 
over, that  the  dykes  (and  also  the  great  gneissic  mass  to  the  east 
and  north)  become  finer  grained  and  pink  in  colour  as  their  contact 
with  the  greenstones  is  approached,  while  quartz  veins  and  other 
signs  of  thermal  metamorphism  in  the  greenstones  are  most  abun- 
dant near  the  porphyries. 

Presence  of  porphyrj-  fragments,  identical  in  micro-structure 
with  the  porphyry  dykes,  in  the  basal  beds  of  the  Townsend  Range 
Series,  indicates  a  Pre-Ordovician  age  for  these  dykes. 

(c)  Petrolofjif  and  Details  of  Field-Occurrence. — The  acid 
rocks  may,  for  descriptive  i)urposes,  be  divided  into — 

(i)  Granites,  gneisses,  and  granular  porphyries, 
(ii)  Porphyry  dyke-rocks. 

(i)  Granites,  Gneisses,  and  granular  Porphyries. — These  rocks 
rre  the  predominant  formation  in  the  eastern  and  north-eastern 
parts  of  the  Area.  A  good  deal  of  the  tract  mapped  as  granitic 
or  gneissic  is  obscured  by  sand  and  other  superficial  deposits,  of 
which,  however,  there  is  no  great  thickness.  On  the  other  hand, 
rocks  of  this  group  form,  in  Mounts  Aloysius,  Gosse,  and  Squires, 
j-ome  of  the  most  conspicuous  hills. 

The  granites,  gneisses,  and  granular  porphyries  vary  more  in 
field  appearance  and  megascopic  characters  than  microscopically. 
Fcir  convenience  of  description  they  may  be  divided  into — 

A.  Pink   Granites,   Gneisses,  and  granular  Porphyries. 

B.  Grey  Granites  and  Gneisses. 

A.  Pink  Granites,  Gneisses,  and  granular 
Porphyries  Iv:  on  the  outer  edge  of  the  great  mass  of  acidic 
I'ock,  between  th**  grey  granites  and  greenstones.  They  vary 
greatly  in  coarseness  of  grain.  The  finest  grained  varieties  (granu- 
lar porphyries)  occur  on  the  outer  (southern  and  western)  margin 
of  the  acidic  rock*?,  becoming  coarser  as  we  travel  north  and  east. 
On  the  east  side  of  Mt.  S(|uires  dyke-porphyry  (like  the  rocks  de- 
scribed later  in  (ii)  )  is  apparently  intercalated  between  two  areas 
of  pink  granite,  and  would  thus  seem  to  be  a  dyke  in  the  latter 
rock.  This  would,  of  course,  make  the  dyke-porphyries  younger 
than  the  granites;  but  this  one,  hastily-noted  occurrence  cannot 
outweigh    the    strong    resemblance    between    dyke-porphyries    and 
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granites  disclosed  by  the  microscope.  It  can  only,  until  more  de- 
tailed work  is  done  near  Mt.  Squires,  be  allowed  to  sug«:est  the 
possibility  that  the  dyke-porphyries  were  a  slightly  later  up-welling 
from  the  reservoir  which  supplied  the  other  acid  rocks. 

The  granular  porphyries  are  coarsely  jointed  and  form  rougli 
hilly .  country  in  which  sen^iceable  rock-holes  are  very  unlikely  to 
occur. 

They  have  been  mapped  in  the  same  design  as  the  dyke- 
porphyries,  thus  cmi)hasising  their  porphyritic  character,  althougii 
they  might  with  equal  propriety  have  been  depicted  like  the  coarse- 
grained granites  into  which  they  gradually  pass. 

The  granular  porphyries  have  their  chief  development  in  the 
north-west  part  of  the  Area,  e,g.,   [x^yVr]*  [ioVf]- 

In  places — e.g.,  a  little  more  than  five  and  a  half  miles  south- 
west of  Camp  44  [xirViF]  ^^^  about  five  miles  north  of  Camp  42 
[y^'yy]— the  granular  porphyry  is  very  strongly  sheared  and, 
f^arnets  being  very  abundant,  the  rock  becomes  a  garnet  schist.  It 
may  be  noted  that  garnets  are  frequently  but  not  invariably  present 
in  the  granular  por])hyries. 

The  granular  porphyry  belt  narrows  very  much  about  six 
miles  north-west  of  Camp  67,  but  widens  to  at  least  four  miles  to 
the  north  of  Mt.  Waugh,  from  which  neighbourhood  [yVnir]  ^'*s 
obtained. 

The  coarser  grained  pink  granites,  etc.,  are,  as  already  statetl, 
found  north  and  east  of  the  finer  grained  rock.  They  weather  into 
more  rounded  knobs  than  the  finer  grained  rock  and  form  less 
prominent  features,  but,  owing  to  their  less  jointed  character,  are 
favourable  country  for  rock-holes. 

That  the  finer  and  coarser  grained  pink  rocks  grade  into  one 
another  was  particularly  noticed  at  the  north-west  end  of  the  Area, 
where,  after  passing  over  fine-grained  rock  (like  [^loVi]  above », 
tile  country  becomes  coarser,  and  a  belt  of  medium-grained  pink 
granite  [yxrVj]  i^  entered.  The  rock  [^ -j^jf y]  five  and  a  half  miles 
west-south-west  of  Camp  68  is  very  similar.  It  is  traversed  by 
small  cjuartz  veins  of  two  kinds— one,  of  a  very  glassy  quartz,  runs 
parallel  to  the  foliation  planes,  the  otiier,  carrying  pink  felspars 
(and  so  presumably  pegmatitic),  at  right  angles  to  them. 

Farther  east  the  medium-gi'ained  gives  place  to  a  very  coarse 
pink,  somewhat  granulated  granite  [^(ygj^]  andC^x^^jr]  in  which, 
however,  a  fine-grained  granular  porphyry  phase  Ix^^ffw]  was  found 
near  Camp  44. 

The  same  pass-age  of  coarser,  pink,  granitic  rock  into  granular 
porphyry  was  observed  between  Bentley  Hill  and  Mt.  Waugh. 

The  country-  round  Bentlev  Hill  is  a  coarse  foliated  granite, 
like  [i  f\^j],  but  the  rock  [y^^-j.^]  from  the  hill  itself  is  a  much  finer 
grained   pinkish-grey,   ])artially   granulated   granite. 
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Again,  the  numerous  hillocks  south  of  Bentley  Hill  owe  their 
existence  to  the  fact  that  they  are  composed,  in  some  cases,  of 
dolerite,  in  others  of  a  finer,  more  compact  phase  [^^^^j]  of  the 
coarse  granitic  rock  which  constitutes  the  surrounding  lower 
p"ound. 

Travelling   still    farther   south    the    granite   becomes  gradually 
finer  in  grain  from  a  point  about  six  miles  north  of  Mt.  Waugh, 
rntil  we  reach  the  belt  of  finer  granular  rock  from  which     [jiVe" 
nescribed  above,  was  taken. 

From  the  neighbourhood  of  Mt.  Squires  further  evidence  of 
the  passage  of  fine  granular  porphyry  into  coarser  pink  rocks  was 
obtained,  but,  as  the  geology  of  this  part  also  elucidates  the  relation 
of  all  the  granular,  granitic,  and  gneissic  rocks  to  the  dyke  por- 
I'liyries,  it  will  be  described  later. 

B.  Grey  Granites  and  Gneisse s. — Two  types  are 
recognised  in  the  grey-rock  area — ^granitic  gneisses  coarse  in  grain, 
not  markedly  foliated  nor  always  gametiferous,  and  finer  grained, 
strongly  foliated  rocks  rich  in  garnets. 

The  coarser  grained  rocks  form  the  bulk  of  the  grey-rock  area, 
^lost  of  the  country  thought  to  be  composed  of  these  coarse  rocks 
is  masked  by  superficial  deposits  of  inconsiderable  depth,  through 
wiiich  the  underlying  rocks  project  as  low  hills  and  knobs. 
Typical  exam})les  of  these  rocks  are  described  in  Appendix  A  from 
Liorhtning  Rock  (where  a  vein  six  inches  wide,  composed  entirely 
of  microcline,  was  noticed),  the  neighbourhood  of  Mt.  Scott,  Camp 
•V)  (Barnard  Rocks),  hills  west  of  Mt.  Aloysius,  Amy  Giles  Rocks, 
and  from  Mt.  Gosse.  Combining  Mr.  Farquharson's  descriptions 
with  our  field  notes,  we  may  summarise  the  characters  of  these 
'•foarser  grained''  grey  rocks  by  stating  that  their  colour  is  nearly 
always  grey;  that  though  often  coarse,  and  at  Mt.  Gosse  and  Amy 
Oiles  Rocks  sometimes  exceedingly  coarse  in  grain  (Fig.  39),  they 
can  in  many  places  be  seen  to  change  from  coarse  to  rather  fine  in 
a  very  short  distance;  that  they  show  usually  in  the  field  in  their 
))anded  structure,  etc.,  and  invariably  under  the  microscope,  in 
granulation,  irregular  optical  proj)erties,  etc.,  evidence  of  having 
undergone  dynamic  metamorphism ;  and  that  they  are  best  called 
hiotite-microcline  granitic  gneisses. 

Finer  grained  gametiferous  rocks  were  recognised  in  the 
vicinity  of  Cohn  Hill,  on  Mt.  Aloysius,  and  about  half-way  between 
Amv  Giles  Rocks  and  Mt.  Gosse. 

Cohn  Hill  is  composed  of  highly  gametiferous,  strongly 
sheared  rocks  whose  foliation  planes  dip  west  at  about  70°,  and 
which  are  cut  by  a  dolerite  dyke.  One  of  the  specimens  [tt^^itf] 
collected  at  Cohn  Hill  is  described  by  Mr.  Farquharson  as  "a  finely 
foliated  and  banded  gametiferous  granitic  gneiss." 

Specimen  [yxnryl'  ^^^^  from  Cohn  Hill,  corresponds  generally 
to  the  granulite  from  this  neighbourhood  described  by  Streich  and 


Stelzner,'  but  is  more  exactly  a  gametiferous  hypersthene  gneiss 
or  granulite  strongly  resembling  metamorphosed  varieties  of  char- 
ncekite. 


I 

tie 


Debris  froui  tlie  fuot  uf  Minnie  Hill  resembles  the  Cobs  Hil' 
I'licks,  which,  tiler.' foi'f,  probably  e.\teut)  thus  far  to  the  nortb. 

Streich  f  dorses  ''this  granulite  as  a  part  of  tbe  formatuin 
of  the  Towiisend  KidH^es.  of  which  it  may  represent  a  lower  strs- 
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turn."  However,  in  new  of  Ihe  much  larger  oceiiiretices  of  similar 
rocks  at  and  near  Mt.  Aloysius,  we  have  little  hesitation  in  regard- 
ing the  granulite  as  a  special  phase  of  the  grey  granites  and 
gneisses. 

Mt,  Aloysius,  risio!.'  1,4IHI  feet  above  the  atirrounding  country. 
is  composed  of  strongly  foliated  gametiferoiis  porpliyry  [-j-jljir]  or 
^anite  containing  sillimanile  in  [^^'n],  which  is  penetrate  by 
dolerite  dykes.  The  foliation  jilaoes  ruQ  in  general  south-east  or 
south-south-east,  hnl  follow  a  rather  sinuous  course  (see  Fig.  40). 


Outcrops,  noticed  at  intervals  for  seven  or  eif^lit  miles  east  of 
Caajp  58,  amongst  the  sand-ridges  and  on  tlie  mulga-covered  flats 
indicate  that  the  underlying  rocks  are  mainly  fine,  strongly  folialed, 
gametiferons  gneisses  (in  some  places  almost  schists)  like[,,V»]- 
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C.  Comparison  of  ])ink  (iranites.  Gneisses 
and  granular  Porphyries  with  grey  Graaite> 
and  Gneisses. — The  microscopic  and  field-characters  of  thes<» 
two  sub-groups  may  be  summarised  as  follows: — 


Pink  Granite,  Gneisses  and 
granular  Porphyries. 


1. 


Coarse  texture  (giving  place  oc- 
casionally  to  much  finer).    Red- 
dish or  flesh-coloured. 

2.  Belts  showing  gneissic  banding 
or  foliation  in  the  field  are  suc- 
ceeded by  belts  from  which  this 
feature  is  absent. 

3.  Felspar  mostly  microcline 

4.  Occasional  flakes  and  aggre- 
gates   of    brown    biotite 

Brownish-green  hornblende  cry- 
stals occur,  but  only  rarely 

Irregular  extinction  in  quartz 
and  felspar ;  irregular  lamella- 
tion  or  disintegration  of  felspar 
and  quartz  plates  in  some  cases 
and  occurrence  of  small  areas  of 
granulation 

In  a  few  instances  coarse  inter- 
growths  of  quartz  and  felspar 

Garnets  do  not  appear  in  the 
more  granitic  rocks,  but  are  found 
in  the  granular  porphyries,  more 
especially  where  they  have  been 
excessively  sheared. 


6. 


6. 


7. 


8. 


Grey  Granites  and  Gneiss. 


Same  in  all  but  colour. 


Same. 


Same. 

Flakes  of  brown  biotite  occasionallv. 

Brownish-vellow  hornblende  crvstals 
occur  occasionally. 

Marked  dynamic  deformation  effects 
such  as : — Strain-shadows,  irreiiu- 
lar  extinction  ;  lamellation  ;  granu 
lation  of  quartz  and  felspar  plate^^ : 
schiller-structure  in  the  fel2»(»r» 
produced  by  pressure. 

SmaU  areas    of    quartz-felspar  inter- 
growths. 

Small   grains    of   reddish   garnet    in 
aggregates  especially  inCn^^].  ^•*^" 
nets    are    also    abundant    in 
strongly    foliated    varieties. 


the 


LiTial    Lto^bJ- 


It  is  thus  evident  that,  although  the  characteristic  colour> 
appear  to  be  confined  to  definite  areas,  and  might,  therefore,  be  ex- 
j)eeted  to  accompany  more  fundamental  differences,  the  pink  an  I 
grey  granites  resemble  one  another  so  strongly  that  they  must  be  n- 
garded  as  forming  one  rock -mass.  It  will  be  shown  later,  mortniver. 
that  tlie  pink  granites,  etc.,  are  connected  with  the  porphyritic  rook- 
to  be  next  described,  and,  therefore,  tliat  all  the  acid  rocks  form  a 
petrologieal  unit  in  which  the  pink  granit-es  represent  a  marginal 
phase  of  the  grey  granites  and  gneisses. 

(ii.)  Porphxirij  I)t/ke-Eocks,  usually  little  metamorphosed.— 
The  dyke-porphyries  are  prominent  topographically  in  the  west  part 
of  the  Warburton  Area,  wliere,  owing  to  their  resistance  to  weather- 
ing, their  course  is  commonly  marked  by  lines  of  hills  (see  further 
]).  02).  This  prominence  has  made  it  ]iossible  to  sketch-in  thnv 
dykes,  from  the  vicinity  of  the  Barrow  Range  for  about  50  miles  to 
the  west — in  which  direction  they  probably  persist  some  distaniv 
farther. 
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These  dykes,  which  for  convenience  of  reference  have  been 
named  from  prominent  hills  in  them,  the  Eveline,  Weir,  and  War- 
burton  Dykes  respectively,  vary  in  width  from  15  to  260  chains,  and 
show  a  rough  parallelism  to  one  another  and  to  the  edge  of  the 
**Pink  Granites."  Their  course  is  sufficiently  indicated  on  the  map 
and  needs  no  further  comment  except  that  the  topography  of  the 
country  west-north-west  and  north-west  of  Miller  Hill,  which  we 
did  not  traverse,  may  indicate  rather  branching  than  widening  of 
the  Warburton  Dyke. 

Viewed  in  mass  in  the  field  the  dyke-porphyries  show  jointing 
but  (except  on  Kathleen  and  Bob  Hills)  no  shearing.  Jointing  is 
I)aiticularly  noticeable  in  the  Warburton  Dyke  near  the  Warburton 
Cairn. 

With  a  few  interesting  exceptions  these  rocks  show  a  general 
agreement  in  mega-  and  microscojiic  characters.  In  hand  si)eeimens 
they  are  grey,  brown,  or  black  rocks,  with  very  fine-grained  ground- 
mass,  in  which  lie  phenocrysts,  sometimes  of  pinkish  felspar,  some- 
times of  quartz  (which  is  often  bluish),  sometimes  of  both  minerals. 
Small  grains  or  crystals  of  pyrite  are  not  uncommon.  Under  the 
microscope  signs  of  dynamic  metamorphism  can  always  be  detected, 
though  they  are  not  always  very  noticeable.  Occasionally,  an  ap- 
proach to  granophyric  structure  was  observed.  Besides  tlie  ever- 
present  quartz  and  felspar  small  garnets  were  noted  in  the  strongly 
sheared  [^^^j^]from  Kathleen  Hill.  Generally  speaking  then,  the 
dyke- porphyries  are  either  quartz  or  felspar  porphyries  which  grade 
into  one  another. 

In  addition  to  specimens  from  the  well-defined  Eveline,  Weir, 
and  Warburton  dykes,  rocks  not  suspected  of  being  porphjrries  were 
collected  in  three  localities. 

Of  these  [ytV^]  ^^^^  about  two  miles  north-north-east  of  Kath- 
leen Hill,  which  was  taken  to  be  a  metamorphosed  sediment,  proves 
to  be  a  sheared  porphyry.  Its  course,  as  a  small  independent  dyke, 
is  very  doubtfully  sketched,  solely  by  topographical  features  and 
not  by  tracing  its  outcrop  in  the  field. 

Again,  [yyV^rl  ^ound  outcropping  along  our  route  for  about  a 
mile  to  the  east  of  Camp  55,  was  thought  to  be  a  fine-grained  basic 
rock,  but  is  proved  by  Mr.  Fanpiharson  to  be  a  fine-grained,  fiinty, 
sheared  porj^hyrite,  i.e.,  a  rock  of  different  type  to  any  of  the 
jiorphyries  described  above.  Its  field-relations  to  the  granite  and 
gabbro  mapped  to  the  north  and  south  were  not  determined. 

Lastly,  there  is  the  sajue  ai)>enee  of  field-evidence  about  [^  iq^] 
from  one  of  the  many  scattered  outcrops  of  similar  rock  on  the  red 
soil  flats  about  6^2  miles  north-east  of  Fort  Mueller.  This  rock 
was  also  taken  to  be  a  fine-grained  basic  rock  in  the  field,  but  proves 
to  be  a  fine-grained,  felsitic  quartz-porphyry. 

(iii.)  Relation  of  granitic  to  porphyritic  JRocks. — The  field  and 
microscopic     evidence     outlined  below,  indicates  that  the  granites. 
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gneisses,  and  granular  porphyries  (described  in  (i.)  above)  and  the 
dyke-porphyries  (described  in  (ii.))  originated  from  the  same 
magma.    This  evidence  is,  perhaps,  best  set  out  under  two  heads:— 

Dyke-porphyries  are  seen  passing  into  granular  porphyries-,— 
At  North- West  end  of  Eveline  Dyke:  The 
rock  found  about  20  chains  west  of  Camp  45  is  porphyry  like  [y^yVi]. 
This  passes,  along  no  definite  boundary,  into  a  rock  [yoS-j]  which 
lias  the  external  appearance  of  a  rusty,  sheared  greenstone,  but 
which,  in  less  weathered  parts,  looks  like  one  of  the  granular  por- 
phyries, and  proves  under  the  microscope  to  be  a  fine-grained  very 
sheared  quartz-porphyry.  A  little  more  "mashing''  and  this  rock 
would  be  classed  as  one  of  the  granular  porphyries. 

Near  Camp  6  7,  i  n  Eveline  Dyke:  The  bulk 
of  the  dyke  is  made  up  of  granular  porphyry,  d  |V?f]  ^'^^[ttVi^I' 
but  small  occuiTences  of  the  ordinary  pori)hyry  were  also  seen. 

Dyke-porphyries  are  seen  passing  into  granites: — 

Near  M  t .  Squires  (see  Fig.  41 ).  Travelling  east 
ward,  before  reaching  Bob  Hill,  the  cx)untry  appears  to  be  an  eastern 
extension  of  the  Warburton  Dyke,  in  which  occui-s  a  felsopliyre 
])hase  [y^Vit]-  ^"  ^^^^  western  slopes  of  Bob  Hill  there  outcrops  a 
porphyry  of  the  usual  type  for  dykes  of  the  Warb\irton  Area,  in 
which,  however,  weathering  discloses  an  unusual,  line  foliation. 
This  porphyry  can  be  seen  to  gi*ade  in  about  20  yards  into  [xuV:! 
which,  though  to  all  appearances  a  coarse  gi'anite,  is  nevertheless 
prove<l  by  its  micro-structure  no  less  than  by  its  field-occurrence,  to 
be  intermediate  between  a  granite  and  a  quartz  porphyr>'.  ThK 
in  turn,  passes  into  the  remarkable  [yQ?,,,^]  (of  which  [yo^^^]  is  a  local 
variety)  which,  in  hand-specimen,  is  a  pink  even-grained  granite, 
but  proves  under  the  microscope  to  be  "almost  wholly  composed  of 
a  micro-pegniatitic  intergrowth  of  quartz  and  felspar,"  and  is  des- 
cribed as  a  micro-pegmatite  almost  identical  with  a  rock  obtaine*! 
by  the  Horn  Expedition  (full  notes  will  be  found  in  Appendix  A). 
The  micro- pegmatite  is  apparently  succeeded  to  the  east  by  a  por- 
phyry dyke  rock  (but  regarding  this  occurrence  see  above,  p.  ^'^ 
forming  some  of  the  foothills  on  the  east  side  of  Mt.  Squires.  Be- 
yond this  again,  comes  in  a  very  coarse  pink  granite,  of  which  [y^j^^^l 
is  typical. 

Traversing  Barrow  Range  about  ten  miles  nortli 
of  Mt.  Scpiires,  rocks  [ytttI  ^^^^  [ttVxI  ^^^  obtained,  which  are 
intermediate  between  the  ordinary  dyke  porphyries  and  the  ver>' 
coarse  granitic  porphyiT  [-^oV-],  and  thus  confirm  the  very  clear 
j)assage  between  these  two  types  already  recorde<l  from  Bob  Hill. 

As  a  rule,  dynaiiiic  strain-effects  are  most  apparent  in  the 
granites,  gneisses,  and  granular  porphyries,  are  less  obvious  in  the 
dyke-i)orphvries  and  i)ractically  absent  from  the  narrow  parts  of 
dykes.  This  seems  understandable,  since  stresses  seeking  relief  in 
east  and  west  directions  (as  apparently  some  did  in  the  Warburton 
Area)   would  find  it  more  readily  by  re-shearing  the  easily-yielding 
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already-sheared  greenstones  rather  than  by  shearing  the  massive 
j><>rpliyries.  Where,  however,  wider  masses  of  unsheared  rock  lay 
across  the  lines  of  shearinir  and  would  necessitate  too  great  a  de- 
flection, then  this  unsheared  rock  had  to  yield  and  be  sheared.* 
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(d.)   Original  Character    of    the    Metamorphosed  Acid  Rocks: 

In  Appendix  A,  pp.  1;S7-146,  will  be  found  a  comparison  by 
Mr.  Farquharson  of  the  Acid,  Plutonic,  and  Dyke  Rocks  with  those 
from  other  parts  of  Central  Australia,  in  which  he  concludes  that 
the  granites  of  the  Musgrave,  Macdonnell,  and  other  ranges  "are 
both  in  origin  and  in  age  essentially  the  same  rock." 

There  are  two  views  a«i  to  the  nature  and  origin  of  the  meta- 
morphosed acid  rocks  of  Central  Australia:  Brown,*  Streich,f  Base- 
dow, t  Jack,$  and  others  consider  that  while  some  are  metamorphosed 
igneous  rocks,  others  are  clearly  of  sedimentary  origin;  Tate  an-l 
Watt  II  find  no  evidence,  in  the  region  w^hich  they  examined,  for 
Jissigning  a  clastic  origin  to  any  of  the  gneisses  and  similar  rooks, 
and  criticise  the  views  of  Brown  and  others  so  far  as  these  views 
apply  to  the  geology  of  the  Macdonnell  Ranges. 

It  will  be  seen  (p.  89,  etc.)  that  no  evidence  in  support  of  the 
first  view  has  been  found  in  the  Warburton  Area. 
;{.    Clastic  Rocks. 

(a)  General  Character  and  Distribution. — So  far  as  we  have 
?^een,  these  rocks  occur  only  in  small  isolated  patciies  in  the  meta- 
I'lorphic  complex.  Details  of  location  will  be  given  in  the  petro- 
logical  section.  That  larger  exposures  do  occur  is  indicated  by  tlie 
report^  of  Mr.   F.  Hann's  observations  in  *'the  neighbourhood  of 

Mt.  Squires": — 

**IIere,  from  Mr.  Hann's  description,  there  is  a  large  developmeut 
of  apparently  vertical  or  highly  inclined  conglomerates  seemingly  similar 
to  those  of  the  Kurrawang  series;  the  writer  has  seen  pebbles  from  the 
'Mt.  Squires'  conglomerate,  and  they  have  the  same  characteristics  as 
those  from  the  Kurrawang  beds. ' ' 

The  Kurrawang  conglomerates  have  {loc.  cit.,  p.  14)  "since 
their  deposition  been  subjected  to  considerable  pressure  and  shear- 
ing," therefore,  Ilann's  Mt.  Squires  conglomerates  presumably  also 
showed  evidence  .)f  dynamic  strain,  and  so  cannot  be  representative 
of  the  Ordovii!ian  conglomerates  (Townsend  Range  Series)  (des- 
cribed below. 

(b)  delation  to  other  Bocks. — Our  obser\'ations  were  of  to*) 
casual  a  nature  to  be  worth  detailing,  but  the  impression  we  formed 
vas  that  the  beds  in  question  were  small  patches  "nipped-in" 
pmongst  the  older  members  of  the  complex. 

(c)  Petrologif  and  Details  of  Field-Occurrence. — Conjrlom- 
trate-like  rocks  dipping  north  at  high  angles  were  found  on  tlie 
low  country  just  soutli  of  Mt.  Squires;  about  five  and  a  half  miles 
vest  of  Mt.  S(iuiros;  about  nine  miles  east-north-east  of  Mt.  Weir: 
find  about  four  miles  north-north-east  of  Mt.  Eveline.  Petrological 
examinations  of  specimens    r^Ty^^]  and  [jTyVx]'    ^roni  the  first  anii 

•  S.A.  Pari.  pRpor  No.  45.  1890,  p.  2. 

t  Tnuia.  Rnv.  Soc,  S.A..  Vol.  XVL.  p  82. 

X  Trans,  and  Pnw.   *  Rop.  Roy.  Sor..  S.A.,  Vol.  XXIX.,  p.  <12. 

I  (Jool,  Siirv.  8. A..  Bull.  No.  5,  p.  1.5. 

II  Rep.  Horn  Scientific  Exi)cd..  Part  ill.,  p.  40,  etc. 
%  O.S.W.A.  Bull.,  No.  42,  p.  15. 
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second  localities  mentioned,  show  the  rocks  which,  in  hand  speci- 
mens are  dull  greenish-black  and  usually  clearly  of  fragmental 
origin,  to  be  either  greywackes  or  agglomerates.  They  contain 
lumps  up  to  six  inches  in  diameter,  some  rounded,  some  angular, 
ol  a  very  fine-grained  dull  green  rock,  and  angular  and  sub-angular 
fragments  an  inch  or  two  in  diameter  of  a  stratified  quartzose  rock 
(neither  of  these  has  been  microscopically  examined),  also  pebbles, 
sometimes  well  rounded,  of  porphyritic  rock  (see  Appendix  A, 
p.  174). 

These  agglomerates  or  grejrvvackes  show  clear  evidence  in  the 
field  of  having  been  sheared  since  their  deposition  (this,  it  will  be 
seen,  is  confirmed  by  the  microscope),  the  shear-planes  striking  ea;st 
vTid  west  and  dipping  north  at  high  angles. 

The  occurrence  in  the  third  and  fourth  localities  appear  to  be 
of  a  similar  character,  but  our  notes  regarding  them  are  very 
scanty. 

Sediments  showing  strong  evidence  of  dynamic  metamorphism 
were  found  near  Barnard  Rocks  (Camp  55).  The  western  end  of  a 
low  hill  two  and  a  (juarter  miles  west  of  the  camp  is  made  up  of 
highly  decomposed  gneissic  granite,  but  the  greater  part  of  the 
hill  is  a  rock  [-f-iV;i]  ^^'^>i<?l^  has  distinct,  though  coarse  and  rather 
iiTegular  foliation -planes  striking  north-west  and  dipping  north- 
east at  about  70°,  and  is  described  as  a  metamorphic  quartzite  with 
pranular  andalusite  Again,  the  hill  about  one  miles  east  of  Camp 
")  is  composed  of  a  dense  black  rock[^YV3]  which  is  in  contact 
with  the  granite  [xxVi^l  (^"*  whether  unconformabjy  jverlying 
it  or  intruded  by  it  could  not  be  determined),  and  v/hich  was  taken 
m  the  field  to  be  a  fine-grained  basic  gneiss.  It  proves,  however, 
to  be  an  agglomerate,  probably  graphitic,  showing  some  evidence 
of  shearing. 

The  mishap  at  Mt.  Gosse  prevented  exploration  to  the  soutli 
and  east  of  Barnard  Rocks,  which  would  most  likely  have  increased 
our  knowledtre  of  these  sedimentary  rocks. 

At  the  contact  between  greenstone  and  acid  rocks  in  the  north- 
west corner  of  the  Area,  about  one  and  three-quarter  miles  nortli- 
PTst  of  Camp  45  is  a  low  hill,  composed  partly  of  the  granular 
porphyry  and  partly  of  contorted  schistose  rocks,*  in  places  green, 
in  others  white.  The  relation  of  these  rocks  to  the  neigiibouring 
greenstone  and  pori)hyry  was  not  determined,  and  their  microscopic* 
characters  are  contradictory,  the  green  variety  being  possibly  a 
sheared  quartzite,  while  the  white  variety  is  "perhaps  more  prob- 
ably derived  from  a  porphyry  or  aplite  than  from  a  sediment." 
These  rocks  are,  therefore,  very  doubtfully  included  with  the  meta- 
H'orphosed  sediments. 

A  dark-grey  fine-grained  rock  [^^^^^7)]  found  about  five  miles 
north-north-east  of  Camp  42  is  described  with  some  doubt  as  a 
''pseudoporpbyritic  granite  arkose.^'     Its  field-relation  to  the  sur- 
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rounding  granular  porphyries  is  unknown,  and  it  is  tentatively  in- 
cluded with  the  metamorphosed  sediments. 

(d)  Correlation. — The  resemblance  between  the  specimens  col- 
lected by  Mr.  Hann  near  Mt.  Squires  and  the  Kurrawang  condom- 
erates  has  already  been  noticed.  The  Kurrawang  Series  has  been 
examined  by  C.  G.  Gibson  *  and  C.  S.  Honman.f  From  Honman's 
latest  account,!  it  evidently  bears  much  the  same  relation  to  the 
older  rocks  near  Kalgoorlie  tliat  the  beds  just  described  do  to  the 
older  metamorphic  rocks. 

We  have  not  found  reference  to  comparable  rocks  in  report- 
on  Central  Australian  geology  except,  perhaps,  some  of  the  Pic- 
Cambrian  or  Cambrian  fragmental  rocks  described  by  Jack,  and 
others. 

H. — Basic  LiNEous  Rocks  op  Doubtful  Positiox. 

The  rocks  forming  this  group  occur,  some  a;5  well  defined  dykes, 
others  as  large  masses,  apparently  intruded  into  the  formations 
already  described.  As  a  rule  they  are  remarkably  fresh  and  show 
no  signs  of  dynamic  metamorphism,  and  so  are  doubly  proveil 
younger  than  the  greenstones,  granites,  and  metamorphosed  elastic 
rocks.    So  far  then  our  classification  is  natural  and  satisfactorv. 

The  further  separation  of  these  basic  igneous  rocks  into  two 
^^ubdivisions — Basic  Plutonic  Rocks  and  (younger)  Basaltic  Dol- 
erites — is,  liowever,  of  doubtful  value,  being  supported  only  by  a 
single  observation  (at  Fort  Welcome)  on  the  correctness  of  whicli 
a  good  deal  of  doubt  is  thrown  by  petrological  evidence.  The  cor- 
rectness or  otherwise  of  our  field-work  can  be  decided  only  by  re- 
visiting  Fort  Welcome,  and  it  seems  best  to  draw  attention  to  tlie 
discrepancy  between  field  and  microscope-work  by  separating  the 
finer-grained  basaltic  dolerites  from  the  coarser  gabbros  and  dol- 
erites  as  a  younger  series  while  making  it  perfectly  dear  that  tlii-^ 
subdivision  is  founded  on  a  single,  possibly  faulty,  observation.  It 
this  one  observation  were  ignored,  it  would  be  natural  to  regard  ail 
tlie  Basic  Igneous  Rocks  of  Doubtful  Position  as  more  or  less  con- 
temporaneous extrusions  from  the  same  magma. 

1.    Coarsely  crystalline   basic   plntonic    and  dyke  Bocks: 

(a.)  Ertent  and  general  Character, — Three  large  patches  «»t 
gabbroid  rock  in  the  grey  gneisses  form  Cavenagh  and  Blackst<Hie 
Ranges  and  Morgan  Hills.  The  boundaries  of  the  patches  an* 
merely  sketched  in  from  their  characteristic  topography,  which  i-j 
described  on  p.  62,  but  their  total  area  probably  exceeds  160  s(]uare 
miles. 

In  the  vicinity  of  the  Cavenagh,  Blackstone  and  Morgan  Rangi*s. 
where  these  rocks  were  largely  developed,  there  was  a  marked  de- 

•  G.S.W.A.  Bull.,  No.  42. 

t  G.S.W^A.  Bullns.,  No.  56  and  66. 

X  G.S.W.A.  Bull.,  No.  66,  pp.  12  and  35. 
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parture  (from  o°  to  20°)  from  the  noreal  reading  of  our  compasses, 
which  indicated  the  presence  of  magnetic  minerals. 

Dykes  of  the  same  rock,  varying  in  width  from  a  few  feet  to 
a  hundred  or  even  more,  frequently  occur  in  all  parts  of  the 
area.  Some,  but  by  no  means  all,  of  the  dykes  noticed  are  indicated 
on  the  map. 

(b.)  Relation  to  other  Bocks, — The  larger  patches  of  gabbroid 
rock  are  evidently  batholiths  intrusive  into  the  gneissic  rocks.  They 
do  not  show  any  signs  of  dynamic  metamorphism  and  must,  there- 
fore, be  of  later  age  than  the  rocks  described  previously.  They  are, 
however,  tentatively  regarded  as  older  than  the  Basaltic  Dolerites 
for  reasons  given  below^. 

The  doleritic  dykes  are  clearly  intrusive  into  the  gneisses;  they 
are  identical  with  the  gabbroid  rocks  in  niicrostructure,  and  are 
probably  contemporaneous  with  them. 

(c.)  Petrology  and  Correlation. — ^Full  descriptions  of  the.se 
crabbros,  norites,  etc.,  and  comparison  with  similar  rocks  from 
Western  Australia  and  Central  Australia  will  be  found  in  Appendix 
A. 

2.    Basaltic  Dolerite: 

(a.)  Petrology   and    Details   of    Field^Occurrence. — What   ap- 
peared to  us  in  the  field  to  be  clearly  a  dyke  of  fine-grained  basaltic 
dolerite  [xiVtf]  uitruding  the  gabbro  [fT^Vu]  ^^'^  ^®°  ^"  ^^^®  water- 
Fig.  42. 


'  '^I/^AA 
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Plan  of  Dykes  in  Qabbro  at  Fort  Welcome,  Gavenagh 

Range. 

course,   a  few   yards  below      Fort   Welcome   Spring  in   Cavenagh 
Kan^e    (Fig,  42).     Microscopic  examination,  however,  shows  that 
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this  "dyke"  is  considerably  altered — so  much  so  that  "strictly  speak- 
ing the  roek  should  be  classed  amongst  the  Greenstones,"  whereas 
tlie  rock  which  it  intrudes  is  fresh.  Our  reason,  in  spite  of  this  dc- 
crepancy  between  field  and  microscope  work,  for  separating  the 
Basaltic  Dolerites  from  the  more  coarsely  crystalline  rocks  has  been 
mentioned  above. 

A  basaltic  dolerite  [yg^g^g^]  to  the  south-west  of  Mt.  Squire- 
apparently  intrudes  metamorphosed  sediments.  Again  [ytVit]  ^^^^ 
a  dyke  intruding  gneissie  granite  in  the  hills  about  four  miles  west- 
south-west  of  Camp  o?  (near  Mt.  Aloysius),  is  described  as  an 
ophitic  dolerite,  identical  with  the  Sandstone  and  Meekatharra 
dolerites.  Many  other  dykes  (see  Figs.  32,  36)  occur  in  this  neigh- 
bourhood, those  on  the  slopes  of  Mt.  Aloysius  being  traceable  for 
U)ng  distances.  Altliough  specimens  from  Mt.  Aloysius  dykes  were 
not  obtained,  there  is  little  doubt  that  they  closely  resemble  [y^V^] 

At  Table  Hill,  and  near  Ainslie  Hill,  volcanic  flows,  probably 
ordovioian  in  age  are  intruded  by  dykes  similar  to  those  just  described. 
On  the  denuded  edge  of  the  dyke  at  Table  Hill  rest  the  horizontal 
Wilkinson  Range  beds  (q.v.). 

It  is  probable  also  that  to  this  division  belongs  an  occurrence, 
about  five  miles  north-east  of  Camp  45,  marked  "Basic  Dyke''  ou 
Plate  II.,  but  not  coloured  accordingly,  which  requires  further  ex- 
planation. 

The  rock  forming  this  dyke  has  weathered,  in  marked  contrast 
to  oiher  basic  dvkes  in  the  area,  nearlv  everywhere  to  a  white  clav. 
in  which,  however,  the  relics  of  crystalline  structure  are  still  visible. 
The  dyke,  consequently,  since  it  decomposes  far  more  readily  than 
the  granular  })orphyries  which  it  intrudes,  is  marked  by  a  furrow. 
forming  for  part  of  its  length  the  bed  of  a  small  watercourse,  whiti. 
runs  south-west  and  affords  easier  travelling  than  the  surroimdiniz 
rough,  stony  ground. 

This  exceptional  field-occurrence  does  not,  however,  warrant 
the  fundamental  ditTerenee  in  micro-structure  between  [k^-oI^^P" 
posedly  from  this  dyke)  and  all  other  basic  dykes  in  the  area.  [^  J. ,- ] 
is  (Ai)pendix  A,  p.  140)  a  coarse  amphibolite — ^probably  a  dynam- 
ically motamori)hosed  gabbro,  i.e.,  one  of  the  greenstone  serie>. 
which  (sec  above,  p.  S2)  there  is  reason  to  believe  is  older  than  tiu' 
])ori)hyries  which  the  dyke  intrudes.  Moreover,  in  the  field,  tho 
unmetamorphosed  character  of  the  dyke  is  so  strongly  in  contra^M 
to  the  metauu)rphosed  character  of  the  intruded  granular  porphy- 
ries and  to  the  micro-structure  of  [y^V^y]  that  we  must  suppt>s' 
[.J  ^1.  ^_]  to  have  been  wrongly  labelled  in  the  field,  and  to  c%»iu» 
from  the  neighbouring  greenstone  area,  which,  indeed,  yiehl^ 
boulders  of  a  related  "lustre-mottled''  amphibolite. 

(b)  Correlation. — Sj)ecimen  [yiVrj]  f^om  Fort  Welcome  is,  i* 
our  observations  are  correct,  and  despite  its  more  altered  state,  of 
later  age  than  the  gabbro  which  it  intrudes.  A  dyke  of  similar  rock 
intrudes  volcanic   fiows  of  probable  ordovician  age  at  Table   Hill, 
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rnd  its  denuded  edge  is  overlain  by  sediments  of  supposed  late 
Mesozoic  or  Tertiary  age   (see  p,  100). 

Some  petrological  resemblance  to  [xxVul  is  the  only  excuse 
(and  rather  a  doubtful  one)  for  placing  [^^Vsl  ^^^  [xiVft]  here, 
and  not  with  the  basic  plutonic  and  dyke  rocks  of  the  preceding 
S4  etion. 

In  fact,  this  section  is  dumping-ground  for  i-ocks  of  whose 
adinities  we  have  almost  no  evidence. 

Mr.  Farquharson  finds  that  these  rocks  recall  dolerites  from 
Meekatharra,*  Cue,t  Sandstone,!  and  other  places  which  it  has 
previously  been  suggested  $  may  be  contemporaneous  with  the  gah- 
broid  rocks  of  the  West  Australian  goldfields  of  which  the  counter- 
parts have  been  described  in  the  preceding  section. 

It  has  also  been  suggested  ||  that,  sin«e  the  Oakover  limestones 
are  injected  with  similar  dolerites,  the  dolerite  of  Meekatharra, 
etc.,  is  even  Post-Tertiarv  in  affe. 

Comparisons  based  only  on  petrological  detail  are,  of  course, 
of  little  value,  but  it  may  be  noted  that  the  basaltic  dolerites  of  the 
^\  arburton  Area  are  apparently  of  later  age  than  gabbros  which 
also  closely  resemble  the  gabbros  of  the  West  Australian  goldfields, 
find  that  these  basaltic  dolerites  are  apparently  Post-Ordovician 
and  Pre-Tertiary  in  age. 

C.     TowNSEXD  Range  Series. 

(a)  General  Character  and  Distribution. — This  series  covers  an 
rrea  of  about  275  square  miles.  Its  rocks  constitute  Table  Hill, 
Townsend.  and  Hocking  Ranges  and  the  bulk  of  the  country  lying 
between  them  and  the  Warburton  porphyry  dyke. 

From  below,  upwards,  the  constituents  of  the  series  are  con- 
*i]omerates;  volcanic  flow-rocks;  more  or  less  calcareous  grits;  and 
qiiartzites.  None  of  these  show  any  signs  of  dynamic  metamorphism. 

The  stratified  members  of  the. series  and,  in  places,  also  the 
flow-rocks,  strike  east  and  west  and  dip  south  at  about  20°. 

(b)  Relation  to  other  Eocks. — The  rocks  under  discussion 
wore  found  outcropping  in  several  places  within  a  few  chains  of 
the  metamorphosed  rocks.  In  all  such  places  the  low  dip  and 
ijenerally  little-altered  character  of  the  Townsend  Rang©  Serie-; 
contrasted  so  strongly  with  the  structure  of  the  metamorphosed 
rocks  that  no  doubt  could  be  felt  that  the  former  overlies  the  latter 
u  neon  form  ably.  It  is,  as  a  rule,  the  lower  beds  of  the  Townsend 
Range  Series  which  are  found  outcropping  near  the  metamor- 
phosed rocks,  but  near  Camp  41  large  boulders  of  the  Townsend 
Ran.sre  quartzite    mixed  wnth    boulders    of    greenstone    (epidotised 
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dolerite)  are  very  common.  Possibly,  therefore,  further  search  in 
this  vicinity  would  show  that  the  quartzites  transgress  over  the 
lower  members  of  the  series,  and  lie  directly  on  the  greenstones, 
as  one  small  quartzite  patch  on  the  left  bank  of  Hughes  Creek 
appeal's  to  do. 

As  explained"  under  the  next  caption,  the  inclusion  of  the  Table 
Hill  volcanics  with  this  series  is  based  on  sl^ider  evidence.  As- 
suming, however,  for  the  moment  the  correctness  of  this  correlationj 
we  may  note  that,  at  Table  Hill  and  near  Ainslie  Hill,  these  vol- 
canic rocks  are  apparently  intruded  by  a  spheroidally  weatherel 
rock,  too  decomposed  for  profitable  microscopic  examination,  but 
apparently  a  dyke  of  the  basaltic  dolerite  (see  p.  99).  At  Table 
Hill,  also,  the  volcanic  rocks  are  overlain  unconformably  by  hori- 
zontal mudstones  and  current-bedded  sandstones  of  the  Wilkinson 
Range  Series  described  later. 

(c)     Petrology  and  Details  of  Field-Occurrence. 

(i)  Sedimentary  Eocls. — Exposures  of  the  lower  sedimenton 
rocks  of  this  series  were  found  at  inter\'als  along  a  belt  extondin;.' 
from  Oassidy  Hill  eastwards  for  about  14  miles.  The  regularity 
with  which  the  various  components  of  this  band  were  met  on  dif- 
ferent traverses  testifies  to  the  constancv  of  their  strike. 

The  lowest  bed  [yoV^yl  [itV<t]»  strikes  east  and  west  and  dip- 
to  the  south  at  angles  of  15^  to  20°.  It  is  dark-coloured,  of  fairly 
fresh  appearance,  and  is  clearly  a  "pudding-stone"  or  conglom- 
erate made  up  of  fragments — some  rounded,  some  angular — of  all 
sizes  up  to  half  an  inch  in  diameter,  of  a  variety  of  rocks,  and  also 
containing  a  good  deal  of  calcite.  The  microscope  shows  that  the 
fragments  are  glai^sy  dolerite,  quartz  porphyry,  microerystalliue 
quartz,  decomposed  greenstone,  quartz  and  felspar  crystals,  and  a 
micro-pegmatite. 

This  conglomerate  thini^  out  westward,  being  only  a  foot  i>r 
two  thick  near  Mt.  Herbert,  where  it  is  interbedded  with  volcamr 
Hows  described  later.  Just  south  of  Cassidy  Hill  it  Avas  not  foan^. 
but  instead  [xfrVij],  a  fine-grained  gritty  rock,  and  [inV-^l  * 
coarser  quartz-felsi)ar  grit  with  enclosed  rock  fragments,  occur. 

South  of  the  conglomerate,  and,  since  their  strike  and  dip  an- 
the  same,  presumably  overlying  it  conformably,  are  [i-iVj]  anl 
[uT7s«]  which  are  fine-grained,  dull  green,  gritty  rocks  evidently 
gratified,  and  showing  a  good  deal  of  carbonate.  These  are  l>e<t 
described  as  calcareous  grits  or  impure  limestone,  and  are  al-" 
found  in  the  vicinity  t)f  Ainslie  Hill. 

South  of  the  band  of  calcaretms  grit  only  one  outcroj- 
of  the  lower  beds  of  this  series  was  noted.  This  is  h(TT^]  "^ 
fine-grained  dull  green  rock  with  a  gritty  appearance,  whic'i 
proves  to  be  a  fine-grained  chloritic  gritty  greywacke — ^but  muc'i- 
angular  rubble  of  similar  character  was  noted  in  various  parts  o*' 
Lilian  Creek  basin,  which  is  therefore  mapped  as  being  compOM-<l 
of  the  Towiisend  Range  Series. 
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The  uppermost  bed  ot  the  series  is  quartzite  with  a  maximum 
thickness  of  between  300  and  400  feet,  which,  as  a  rather  narrow 
band,  can  be  traced  almost  continuously  from  the  junction  of 
Hughes  and  Elder  Creeks  to  tlie  east  end  of  Townsend  Range,  and 
probably  to  Hocking  Range  (not  visited  by  us).  This  quartzite 
las  not  been  actually  seen  in  contact  with  the  rocks  described 
above  as  belonging  to  the  lower  part  of  the  same  series.  It  is 
rssumed  to  oA'erlic  them  conformably  because  its  strike  and  dij) 
are  parallel  to  theirs,  and  because,  in  the  absence  of  distinct  evi- 
ctence,  it  seems  unwarrantable  to  constitute  them  another  series 
without  counterpart  in  Central  Australian  geology. 

The  precipitous  north  face  of  Townsend  Range  (Fig.  8),  the 
lower  cliffs  south-west  of  Hughes  Creek,  and  probably  those  of 
>locking  Range,  are  escarpments  in  the  quartzite;  the  gradual 
southern  slopes  of  these  hills  are  dip-slopes. 

The  quartzite  [^Vj^^]  is  buff-coloured  in  mass  and  contains 
small,  inconstant  seams  of  water-worn  quartz  pebbles  at  irregular 
inten'als.  Where  crossed  by  joints  (by  wliich  the  rock  is  split  into 
^Meat  blocks)   these  pebbles  are  very  cleanly  sliced. 

(ii)  Volranic  Bocks. — The  field-relation  of  these  to  the  lower 
scnlimentary  beds  of  the  series  is  fairiy  well  seen  near  Mt.  Herbert, 
mid  is  diagrammatically  illustrated  in  Fig.  43.  In  actual  fact,  of 
course,  merely  the  edges  of  the  successive  beds  were  observed, 
together  with  an  occasional  dip.  The  inference,  made  in  tlie  field, 
that  we  have  here  a  succession  of  lava  flows  with  an  interbedded 
s^am  of  conglomerate,  is,  however,  thoroughly  supported  by  petro- 
logical  work  and  by  the  occurrence  in  the  conglomerates  described 
above  (p.  100)  of  pebbles  of  similar  volcanic  rocks.  It  is  thus  in- 
ferred that  volcanic  eruptions  were  taking  place  near  by  while  the 
cimglomerate  was  being  deposited. 

The  volcanic  rocks  are  fine-grained,  dark-green,  and  have 
numerous  small  rounded  patches  of  carbonate,  sometimes  contain- 
ing yellowish-green  ei)idote,  which  have  a  superficial  resemblance 
to  the  irregular  blebs  of  quartz  found  in  the  neighbouring  green- 
stones (see  p.  83).  In  fact,  the  only  characteristic  which  distin- 
iriiishes  these  rocks  in  the  field  from  the  greenstones  is  the  absence 
i»f  shearing.  Microscopic  examination  of  [^V^r^l'  h  iVj"]'  ^^^ 
[ttVsI  proves  ^hat  they  are  fine-grained,  vesicular  doleritic  or 
basaltic  lavas,  in  which  epidote  and  chlorite  are  abundantly  de- 
\  eloped. 

Six  miles  farther  east  [uVtI*  ^  ^'^^^  similar  rock,  underlying 
conglomerate  like   [, xj^m^],    is  assigned  to  the  same  series. 

The  same  belt  was  found  to  the  west,  near  Hughes  Creek  a? 
the  descriptions  of  [^o^tj,^]  and  [loV-]  t^tify.  In  this  locality 
the  quartzite  overlies  the  volcanics  directly. 

The  Volcanic  T^ocks  of  Table  Hill  are  doubtf u\\y  assign  3  ^q 
the  same  horizon  as  those  just  described. 
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Both  were  orifirinally  basalts  or  dolerites,  but  this,  of  course, 
is  no  proof  of  their  contemporaneity.  Moreover,  the  rocks  near 
Mt.  Herbert,  etc.,  differ  from  those  of  Table  Hill  in  their  altera- 
tion— for,  wliile  the  former  are  dull  ^reen  in  colour  owinpr  to  con- 
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siderable  development  of  chlorite,  epidote,  and  zoisire,  tne  latter 
do  not  contain  tliese  minerals  but  are  brown  from  abundance  of 
iron  oxide.  Again,  the  vesicles  of  tlie  rocks  near  Mt.  Herbert  are 
f'lled  with  epidote,  calcite,  or  both,  while  those  of  the  Table  Hill 
rocks  are  filled  with  quartz.  Even,  then,  if  these  two  sets  of  lavas 
flowed  out  at  the  same  time,  the  differences  in  secondary  alteration 
show^  tbat  they  have  since  been  very  differently  situated  with  regard 
to  the  various  agents  of  alteration. 

As  to  field-evidence — the  Table  Hill  rocks  occur,  as  far  as  we 
know,  in  a  patch  sei>arated  from  other  members  of  the  Townsend 
Range  Series  by  sand-hill  country,  and  (if  they  are  coeval  with 
the  Mt.  Herbert  volcanics)  their  position  some  eight  miles  south  of 
the  south-dipjiing  and  overlying  quartzites  necessitates  the  intro- 
duction of  a  syncline  (see  Section  A-B,  on  Plate  II.),  or  else  a 
fault,  between  Table  Hill  and  Townsend  Range,  for  which  there  is 
no  evidence. 

In  spite  of  these  difficulties,  however,  there  scarcely  seems 
warrant  for  constituting  the  Table  Hill  rocks  a  separate  series. 
Descriptions  of  specimens  [xtjt]  ^o  [tt.-.(t1  ^^^^  ^  found  in 
Appendix  A. 

(d)  Correlation. — No  fossils  having  been  found  in  the  sedi- 
mentary rocks  of  the  Townsend  Range  Series,  their  age  is  not 
directly  determinable.  However^  we  propose  to  show,  as  briefly 
as  possible,  that  there  is  fairly  good  proof  of  their  ordovieian  age 
— if  we  correlate  them  with  similar  rocks  to  the  east.  Lithologically 
similar  rocks  from  the  west  have  been,  it  is  true,  classed  as  de- 
vonian; but  evidence  in  supi^ort  of  this  classification  is  lacking. 

On  the  ^'Map  of  the  Route  travelled  by  the  Elder  Exploring 
Expedition,"*  Streich  showed  a  band  of  ^'Palaeozoic  (Devonian)" 
rocks  extending  from  the  south-west  end  of  Everard  Range  to 
Townsend  Range.  He  did  not  himself  visit  the  Warburton  Range, 
but  from  sj)ecimens  brought  by  others  mapped  it  (with  some  hesi- 
tation), and  also  two  other  bands  to  the  north-west,  as  devcmian. 
The  repute<l  Warburton  specimens  probably  came  from  the  es- 
carpment south-east  of  Hughes  Creek. 

From  his  description f  it  is  evident  tbat  this  ^'Devonian"  band 
V:  constant  in  ch.<^racter  throughout  its  length,  its  ])redominant  bed 
1  eing  quartzite  like  that  of  Townsend  Range. 

Near  Lake  Afacdonald  the  staple  formation  observed  by 
Tietkens  t  was  "Devonian"  quartzite. 

The  idea  that  this  widely  distributed  formation  was  of  de- 
vonian age  appears  to  have  originated  in  H.  Y.  L.  Brown's  "Re- 
port on  Journey  from  Warrina  to  Musgrave  Ranges,'\S  in  which 
he    compares   the   quartzites   south-east    of   Everard   Range   to    the 


•  Treiw.  Boy.  Soc.,  S.A-,  Vol.  xvi. 
t  Loc.  cit.,  pp.  77,  82. 
t  S.A.  Pari.  Paper,  Xo.  111.  1889. 
f  S.A.  Pari.  Paper,  Xo.  45,  1890. 
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'^tenthills  of  Port  Augasta  and  the  flat  table  ranges  on  the  Hugh 
River  south  of  th«  Macdonnell  Kanges/*  The  tenthill  formation  he 
had  previously  *  correlated  with  the  devonian  beds  of  New  South 
Wales. 

Tate  and  Watt,  however,  t  found  numerous  ordovician  fossils 
in  quartzit^s  and  limestones  in  various  places  south  of  the  Mac- 
donnell Ranges,  and  considered  that  the  quartzites  found  by  Tiet- 
kens  near  Lake  Macdonald  were  also  ordovician. 

Brown  t  later  acknowledged  the  probable  ordovician  age  of 
the  quartzites,  etc.,  near  Arcoeillinna,  at  Chambers  Bluff,  Mt. 
Chandlert  etc.,  and  Jack,  $  by  s|)eakinjr  of  the  "ordovician"  rock> 
"mapped  by  the  late  Victor  Streich/'  makes  it  dear  that  the  latter's 
"Devonian*'  right  through  to  the  Warburton  Area  may,  with  toler- 
able certainty,  be  reirarded  as  ordovician. 

It  must  be  noted,  however,  that  whereas  in  the  ordovician 
rocks  south  of  the  Macdonnells  there  is  a  marked  absence  of  vol- 
canics,  ||  such  rocks  are  well  represented  in  the  basal  part  of  the 
Townsend  Range  Series.  This  lends  colour  to  the  objection  (noted 
in  describing  the  i)etrology,  etc.,  of  the  quartzite,  p.  101)  to  in- 
cluding these  lower  beds  with  the  Townsend  Range  quartzites  a^ 
one  conformable  series. 

Turning  now  to  the  age  of  similar  rocks  in  Western  Aus- 
tralia : — 

The  quartzites  of  Townsend  Range  bear  a  striking  resemblance 
to  those  which  one  of  us  (H.  W.  B.  T.)  has  mapped  over  very  ex- 
tensive areas  from  Lake  Wells,  200  miles  west-south-west  of  the 
Warburton  Range,  to  Kimberley.  ^F 

The  distribution,  character,  and  age  of  these  rocks  in  the 
Kimberley  were  examined  by  Hardman,**  W^oodward,  tt  and  Dr. 
R.  Logan  Jack,  J  J  who  agree  in  calling  them  devonian. 

On  examining  the  reports  of  these  geologists  it  seems  to  us 
that,  although  undoubtedly  fossils  of  a  devonian  aspect  have  been 
found  in  Kimberley,  they  were  not  obtained  in  beds  belonging  to 
the  series  which  covers  such  a  large  area  between  Lake  Wells  and 
Albert  Edward  Range,  in  Kimberley,  but  came  from  limestones 
which  it  is  difficult  to  separate,  except  by  their  fossils,  from  the 
carboniferous  strata. 

We  hope  to  discuss  this  matter  more  fuUy  at  an  early  date  in 
a  paper  to  be  read  before  the  Royal  Society  of  Western  Australia. 

It  appears  to  us  that  the  evidence  from  Central  Australian 
geology  favouring  the  assigning  of  an  ordovician  age  to  the  Town- 

♦  S.A.  Pari.  Paper,  No.  35,  p.  10,  1884. 

t  Report  Horn   Exped..   Part  III.,  p    46,  et  tfq.,  S.A. 

i  Rep.  on  CJ^ol.  Expl.  in  West  and  North-West  of  S.A.    (Pari.  Paiwr,  No.  71, 
p.  9,  1905.) 

^  Gcol.  Sun-.,  S.A.,  Bull  No.  5,  p.  23 

jl   Rep.  Horn  Exiwd.,  Part  III.,  pp.  53-4. 

T  G.a.W.A.  Bull  No.  89,  and  the  forthcoming  Bull.  No.  77. 
••  W.A.  Pari    Paper,  No.  84  (1885), 

tt  "  Report  on   the   Goldflelds   of  the   Kimberley   Dlstrirt,"  Perth    1891. 
tt  G.S.W.A.  Bull.,  No.  25. 
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send  Range  Series  outweiglis  that  for  a  devonian  age,  which  Kim- 
berley  geology  may  be  thought  to  furnish. 

D.     SuPKRFiciAL  Deposits. 

Superficial  deposits  in  the  form  of  talus-slopes,  sand,  loam^ 
travertine,  chalcedony,  etc.,  cover  a  considerable  portion  of  the 
Warburton  Area,  but  are  i>robably  of  inconsiderable  depth,  and 
are  not  indicated  on  the  map  except  by  notes.  They  are  similar 
to  those  in  the  Dunge's  Hill-Townsend  Range  Section,  and  need 
not  be  described  here.  Perhaps  the  most  noteworthy  travertine 
deposits  are  those  of  the  Lilian  Creek  Basin,  especially  near  the 
Depot  Camp,  while  superficial  deposits  of  mixed  chalcedony  and 
travertine  were  particularly  j)rominent  to  the  east  and  north-east 
of  Mt.  Weir. 


IV.     DUNGE'S  HILL— TOWNSEND  RANOE  SECTION. 

,  Only  two  formations  are  found  over  this  stretch  of  250  miles — 
horizontally  bedded  sediments  containing  evidence  of  ice-action, 
and  various  supeificial  deposits. 

A.    Wilkinson  Range  Series. 

(a)  General  Character  and  Distribution. — -The  rocks  under 
consideration  are  well  exj)osed  in  the  Wilkinson  Range  near  Lily 
Rock-Hole,  and  are,  for  convenience,  called  the  Wilkinson  Range 
Series.  Thej'  consist  of  sandstones,  sandy  claystones,  claystones, 
i«nd  boulder-beds,  and  everywhere  appear  to  be  horizontally  bedded. 

The  series  is  exposed  intermittently  throughout  the  Section, 
forming  isolated  table-toi>s  and  lines  of  breakaways,  separated  by 
expanses  masked  -.vith  sui)crficial  deposits.  The  latter  are  probably 
of  no  great  depth,  and  have  been  omitted  in  mapping,  so  that,  on 
the  map,  the  Wilkins(m  Range  Series  covers  more  ccmntry  than  it 
appears  to  do  in  the  field. 

(b)  Relation  to  other  Bocks. — In  the  north-west  comer  of  the 
Warburton  Area,  near  Camj)  44,  the  rocks  under  discussion  lie  on 
nn  eroded  granite  surface,  as  they  also  do  at  Dunge's  Hill.  Be- 
tween Dunge*s  Hill  and  Point  Salvation  (in  the  next  "section") 
I  hey  similarly  overlie  both  granite  and  greenstone.  They  uncon- 
formably  overlie  the  volcanic  rocks  of  Table  Hill  (p.  100),  and  may 
reasonably  be  su];  posed  also  to  })e  unccmformable  to  the  quartzites 
<»f  Townsend  Range. 

(c)   Petrology  and  Details  of  Field-Occurrence. 

(i.)  Sandstones. — Apparently  the  bulk  of  the  Wilkinson  Range 
Series  is  made  up  of  sandy  beds  (Figs.  14,  44,  etc.).  These  are 
light-yellow,  brown,  or  white  in  colour,  medium  coarse  in  grain, 
iind,  where  not  .secondarily  "laterised,*'  are  soft.        They   usually 


contain  a  noticeable  amount  of  elay,  genernlly  in  Kperki^.  prubably 
kaoiinise<l  fels|inrs.  By  increase  in  the  proportion  of  elay  tt.e 
rorks  lierome  san'ty  clayslnnes. 


The  sandy  rocks  often  show  strong  ciirrent-bedOing:  an<l  solip- 
tiiries  eontain  isolalt-d  pebbles  and  bunlders  ii|i  to  six  jncbes  in  dia- 
meter, sliowintr  (be  same  ]>ecu)iarities  as  tbose  composing  tliv 
Ixmlder-lH'ds. 

(ii.)  ('Iii!i.-<i"iu'n  iiccur  less  freijueiitly  tban  sandstones  aii'l 
siinily  claysloues,  Tbey  :ire  usually  white  or  yellow  in  culuur  ami 
ci.ni|iaet.  tiiou^'b  sol'l.  Wlii-ri'  not  "laterized"  they  are  particiitariv 
liable  Cu  dellatiun,  as  described  in  Chap.  II..  p.  57. 
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(ill  )  //  ulder  Hfil  —In  mam  plates  near  the  toot  ,1  breal. 
oua^r•  lietnitn  \\  ilkinaun  Range  and  Axe  Hiil,  a  diBlanee  bj  our 
mule  lit  aljiml  201)  miles  are  Btre«n  numbers  of  rock  tragments 
\arviiic  >n  size  tmni  mere  pebbles  to  boulders  nefliingseieral  hu 
<lre<lueit:lit  Along  tbe  wet  side  of  the  Point  Saunders  breakaway-. 
Ilii>.e  bouldirs  are  n<.arh  all  deri\ed  trom  a  dehnite  boulder  be  1 
about  1 )  feet  thick  which  is  tlie  lowest  visible  member  of  the  Senes 
an  1  1--  covered  b\  100  teel  or  more  of  the  finer  sediments  alrewli 
di><iinbed  in  vhich  nn  oteasional  boulder  or  pebble  ean  be  found 
A  short  distance  north  of  Camp  3i  (near  t etherstonhaugh  Hill) 
a  similar  boulder  bed  (.an  be  seen  \gam  in  \\  ilkinson  Hange  near 
1  ih  Rotk  H  lie  tiie  tact  that  bouldeis  aie  n  t  t  lund  above  a  certam 
h(i„hl  on  till  talus  Mopes  of  the  b^eRkana^^  in  licates  thai  here  bN) 
tFiere  w  a  definite  boulder  bed 

Sinre  lie  sandstones  eli  nliich  (onformably  overlie  the 
boulder  beds  are  everywhere  horizontal  and  since  the  country  be 
tween  Wilkinson  Kan_e  and  F etherstonhaugh  Hill  is  j  racticall> 
level  (acfordin^'  li  lieiirhts  dilermined  bv  aneroid)  tie  boulder  beds 
must  ttnii  it  not  a  continuous  bed  at  any  rate  a  deQnite  honzon 
for  tins  distance. 

Fig.  -15. 


Phoeo.  R.H.Irwin.  Neg.    1493 

GLACIATED  ONEISS  BOULDER.— From  WUklnson 
Range  Beds,  aboat  one  mile  S.W.  ot  Lily  Rock- 
Hole.  FallatioD-planes  (dimly  vUlblt)  makt  an 
■nsle  of  about  70^  with  the  scratches. 


ins 

The  majority  iif  t  lie  medium -si  zed  boulders  and  pebbles 
e.xainined  iigree  in  shajte.  being  rounded  and  smootlied  as  by  waler- 
Hpticm,  but  with  one  (•onspiciioiisly  flaltened  side  wliicb,  in  some 
caBes,  is  traversed  by  gi'oovings  independent  of  tlie  rock-stniciurt 
(Fig.  45.)     Oeoasionally  facetted  boulders  were  lound  (Fig.  461. 


FACETTED  QDARTZTTE  BOULDEIL^Fiom  WUklD- 
son  Ruige  Beds,  about  one  mile  S.W.  ol  Lily 
Rock-Hole. 

The  larger  fragments,  weighing  two  hundredwe^ht  or  taatt. 
are  well  rounded,  but  we  bad  not  time  to  ascertain  whether  itii- 
flattened  side  wliieh,  after  t)ie  weathering-out  of  the  boulders,  5c*m' 
generally  to  settle  undenuosf,  was  present. 

Tlic  most  obvious  ex  |)lanation*  for  boulders  of  sneii  shajn^  i" 
lliat  thev  are  water-worn  rock-frugraents  whicli  beoanie  embed'li"' 
in  the  foot  of  a  glacier,  tlie  (lat  faces  being  produced  by  gjintliii- 
against  tlic  glacier-bed. 

A  boulder-bed  of  such  constant  thickness  and  coaformity  nii.i 
overlying  shallow-water  sediments  could  not  be  a  sub-aerial  mura- 
iiiic  de|>oait,  but  must  have  been  formed  of  debris  dropped  in  shal- 
low water  by  icebergs. 

Many  different  roA-types  were  found  among  the  bouldeis  <•' 
llie  ■\Vi]kin.''on  Range,  Tlicso  have  not  been  examined  microsfopu'- 
ally,  but  the  followinp  list  <if  hand -specimens,  in  which  llie  luo'i 

•  The  (mnt  nunibfr  nt  nui-h  houlder.  (quite  npnit  fm:ii  tJii"  fspoauw  ol  ■  detlnfd 
that  tlicy  »re  bluckii'  grtnrtlniintonoji. 
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abundant  t.vi>es  are  described  first,  tbe  rarest  Iju&t,  may  be   of    in- 
terest : — 

(Joarse  gneissic  granite  like  some  of  the  types  from  the  War- 
burton  Area,  intermediate  between  the  **pink"  and  "grey"  rocks. 

Granular  crystalline  pink  granite  like  some  of  the  **pink 
rocks"  of  the  Warburton  Area. 

Granular  crystalline  rocks  resembling  coarser  varieties  of  the 
pink  granular  porphyries  from  the  Warburton  Area. 

Gneissic,  pink-and-grey,  biotite  granite. 

Gneissic  rock  resembling  [jjag]. 

Fine-grained  grey  granular  granite  with  coarse  microcline- 
pegmatite  areas. 

Dull  pink-grey  sericitic   gneiss  like   "  holz-gneiss. ' ' 

Pink  aplite. 

White  and  blue  quartz. 

Finely  foliated  and  sheared  dark-grey  biotite  gneiss. 

Quartzite  like  that  of  Townsend  Range. 

Apparently  imsheared  quartz-porphyry  like  many  dyke-por- 
phyries of  Warburton  Area. 

Some  of  the  coarse  granitic  rocks  resemble  the  pegmatite  facies 
of  the  granites  near  Kookynie,  but  otherwise  rocks  resembling  most 
of  this  assemblage  in  meprascopic  characters  have  not  yet  been  des- 
cribed from  any  i)art  of  Western  Australia  except  the  Warburton 
Area. 

Boulders  of  granite  were  found  only  in  Wilkinson  Range.  Else- 
where tlie  largest  boulders  were  quartzite  of  the  Townsend  Range 
type,  the  smaller  boulders  were  quartzite  and  quartz,  and,  at  Point 
Saundei-s,  in  addition  to  these,  a  highly  siliceous  rock,  apparently 
a  comj>letely  silicified  limestone. 

As  noted  above  (p.  104),  (juartzites  of  the  Townsend  Range 
type  occur  over  wide  areas  north-west,  north,  and  north-east  of  the 
Dunge's  Hill-TownJ^end  Range  Section;  they  are  unknown  to  the 
south. 

Our  failure  to  find  a  variety  of  rock-types  in  any  of  the  boulder- 
bed  exposures  except  that  at  Wilkinson  Range  may,  of  course,  be 
due  to  hurriedness  of  observation.  If,  however,  the  variety  is  really 
absent  from  the  boulder-beds  north  of  Wilkinson  Range,  we  must 
conclude  that  the  bergs  which  dropped  such  a  rich  assortment  of 
ilebris  over  the  site  of  Wilkinson  Range  originated  from  different 
frlaciers,  which  probably  lay  on  an  area  of  crystalline  rocks  west  of 
tlie  Warburtons,  to  the  bergs  responsible  for  the  boulder-bede  fur- 
ther north. 

In  any  case  it  is  evident  that,  at  the  time  of  formation  of  these 
beds,  glaciers  vigorous  enough  to  descend  to  sea-level  occupied 
country  as  near  the  tropics  as  lat.  26°  30'. 

(d.)  Correlation. — Fossils  have  not  been  found  in  the  Wilkin- 
^)n  Range  Series,  and,  in  attempting  to  correlate  it  with  previously 
described  formations  containing  evidence  of  glacial  action,  we  meet 
with  little  satisfaction. 


110 

The  fiermo-carboniferoiis  Lyons  Conglomerate*  presents  appar- 
ently indisputable  evidence  both  of  its  ajre  and  its  glacial  origin. 
There  is  nothing?  except  their  glacial  origin  lo  justify  our  correlat- 
ing the  boulder-beds  of  the  Wilkinson  Range  Series  with  this  con- 
glomerate. 

The  **low  hills'^  frequently  passed  by  the  Elder  Exploring  Ex- 
pedition south  of  our  route  are  probably  of  the  same  character  as 
the  breakaways  along  the  Dunge's  Hill-Townsend  Range  Section. 
These  hills  are  composed  of  sandstone,  clay,  etc.,  in  which  beds  (»t 
waterworn  (juartz  pebbles  occur  frequently.  Streich  f  classified 
them  £us  doubtfully  mesozoic,  relying  on  their  ^^lithological  ami 
stratigraj^hical  features  [which]  are  in  agreement  with  those  of  t lie 
typical  area  in  Australia.  Moreover,  they  resemble  the  (?retaceou< 
deposits  met  with  in  the  early  part  of  our  journey,  which  have  been 
j)roved  to  be  of  that  age  by  means  of  fossils." 

Again,  according  to  Tate  and  Watt,  t  the  argillaceous  strata 
round  Lake  Eyre  are  proved  palseontologically  to  be  upper  creta- 
ceous. These  argillaceous  strata  are  capped  by  a  hard  flinty 
(juartzite  or  chalcedonised  sandstone  varying  up  to  50  feet  in  thick- 
ness, which  forms  the  topmost  bed  of  the  table-land  country,  and 
is  generally  called  the  Desert  Sandstone,  to  wliich  they  assign  n 
supra-cretaceous  age. 

Amongst  many  other  localities  in  which  the  cretaceous  strata 
are  mentioned  as  occurring  is  "the  Finke  River  from  Henbury  to 
Crown  Point,  which  flows  approximately  along  the  junction  of  the 
Cretaceous  arenaceous  beds  and  tlie  impervious  ordovician  Ume- 
stones,'^  and  {loc.  cit,,  p.  72)  this  locality  is  described  as  more  or 
less  characteristic  of  the  Tertiary  deposits. 

However,  later  investigations  by  Spencer  and  Byrne  4  siim- 
nmrised  bv  the  Glacial  Research  Committee  of  the  Australasian 
Association  for  the  Advancement  of  Science  showed  that  at  Yell(»\* 
(•liff,  on  the  Finke  River,  a  pebble-layer  about  three  feet  thick 
occurs,  the  pebbk^  of  which  show  undoubted  evidence  of  glacial 
action.  After  discussion,  the  opinion  is  expressed  that  the  evidence, 
••slender  as  it  is,  is  in  favour  of  a  permo-carboniferous  age  for 
these  traces  of  glaciation  in  Central  Australia." 

Another  possibility  was  suggested  by  H.  Y.  L.  Brown,  ||  who, 
in  the  course  of  an  extended  geological  reconnaissance,  noted  that, 
"on  the  stony  downs,  gravelly  plains  and  tablelands,  boulders  ami 
l)locks  of  rock  are  frecjuently  seen  resting  on  cretaceous  shale  an*', 
silt.  These  consist  of  i^uartzite,  clay,  siliceous  slate,  felspar,  por- 
])hyry,  sandstone  and  quartz,  etc.     One  solid  block  measured  .Ift- 

♦  *•  Rclirs  of  the   I»enno-(\'vrbonifemu<?  Ire  Atc  In  Wcst4»m  Australia."-— By  A. 

(Jiht)  Maitliiid.  VM  S.— Jour.  Nat.  Hl«t.   *  Sc.  Soc.  01  W.A,.  Vol.  IV. 
t  TnnH,  Kov.  S(K-..  S.A.,  XVI.,  pp.  91-2. 
J  K('l».  Honi   K\p<d.,  l':»rt  III.,  p.  6:^.  et  fteq. 
§  Aiist.  A«-oo.  A.lv.  Sr.,  Svdnt'v.  1898.     "  Report  on  the  Ocourrenoe  of  GlarW 

BoiiUlrrs  Jit   \v\\o\\  Cim Central  Australia." 

t:  Rep.  (;tol.  Kxp.  ill  W.  ind  X.W.  o(    S.A.,    S.A.    Pari.    Pripor,    Xo.   71,   19«>5. 
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by  4ft.  by  1ft.  8in.,  and  larger  but  shattered  blocks  occur;  these, 
without  doubt,  have  been  transported  to  their  present  position  by 
ie«-aetion,  which  seems  to  have,  at  some  time  since  the  Mesozoic 
l)eriod,  been  in  operation  all  over  the  region." 

Again  (p.  6),  he  noted  the  occurrence  of  a  granite  erratic 
'suspended  in  shale"  at  a  depth  of  3^00  feet  in  the  Arkeeta  clay- 
pan  bore.  This  he  considered  evidence  of  ice-action  at  the  time  the 
shale  was  deposited  (the  rocks  shown  at  the  surface  on  the  map 
ore  post-tertiary) . 

Jack*  describes  upper  cretaceous  rocks  from  the  north  flanks 
of  the  Everard  Range  and  elsewhere  in  the  western  portion  of  the 
:>rea  with  which  iie  deals.  He  also  (pp.  42-4)  discusses  the  proba- 
bility of  drift-ice  in  the  lower  cretaceous  sea  to  account  for  the 
wide  distribution  of  erratics,  as  already  noted  by  Brown.  He 
favours  this  explanation  of  the  erratics  rather  than  the  view  that 
they  are  boulders  of  the  Cambrian  till,  redistributed  by  torrential 
streams  in  geologically  recent  times. 

It  appears  to  us  that  the  little  evidence  we  have  favours  tlie 
assigning  of  a  late  mesozoic  or  tertiary  age  to  the  Wilkinson  Range 
Series. 

B.      Superficial  Deposits. 

The  following  account  is  applicable  to  the  superficial  deposits 
seen  in  all  parts  of  the  route,  and  not  merely  to  those  of  the  Sec- 
tion now  under  discussion. 

The  Superficial  Deposits  may  be  divided  into  those  formed  by 
chemical  and  those  formed  bv  mechanical  action. 

1.    Formed  by  Chemical  Action. 

(a)  Laterite. — Good  examples  of  the  formation  of  laterite  by 
the  alteration  of  rock  m  situ  were  noted  in  the  soft  beds  of  the 
Wilkinson  Range  Series.  Solution  and  re-deposition  both  of  silica 
and  of  iron-oxide  go  on  together,  the  silica  or  iron-oxide  pre- 
dominating in  any  particular  place,  according  to  local  conditions. 
Reference  is  made  in  the  physiographic  chapter  (p.  o5)  to  the 
(iiaracter  of  the  hardened  cap  so  formed,  to  its  influence  on  the 
irrmation  and  uadercutting  of  breakaways,  and  to  its  probable 
identity  with  the  "Desert  Sandstone.*' 

(b)  Travertine  and  Chalcedony. — These  were  noted  chiefly  in 
those  parts  of  the  Warburton  Area  which  are  underlain  by  green- 
stones and  by  sedimentary  rocks  formed  of  their  waste.  Thin 
deposits  in  T^hich  chalcedony  predominates  over  travertine  are 
commoner  than  pure  deposits  of  either  alone. 

(c)  Kopai. — Travellers  {e.g.,  Carnegief)  by  this  name  refei 
to  .soft  deposits,  largely  of  gypsum,  found  near  salt  lakes.     They 


•  G«ol.  Sun-.,  8. A.,  Bull.  No.  5.  p.  24. 
t  "  Spfnifex  and  Sand/'  p.  43. 
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ai-e  formed  by  the  ascent  by  capillarity  through  the  sand  of  water 
rich  in  various  salts  which  has  been  concentrated  by  evaporation  in 
the  "lake"  after  Jieavy  rainfall.  On  reaching  the  surface  the  water 
is  evaporated  and  the  salts  are  deposited — ^in  some  cases  in  pul- 
verulent form  (in  which  case  the  deposit  is  quickly  removed  by  tlie 
wind),  in  other  cases  as  a  harder  encrustation,  perhaps  protecting: 
the  powdery  form  below. 

An  encrustation  of  this  character  from  the  shores  of  Lake  Ye<> 
(near  which  feature  borax  claims  are  said  to  have  been  pegged), 
near  Camp  17,  was  examined  in  the  Geologicid  Sur\'ey  Laboratory*. 
Mr.  Simpson  reports  concerning  this: — 

Lab.  No.  10084.     Soft   Portion:    mainly   gypsum   with   kaolin 

and  quartz  grains.     Boron,  nil. 
Hard  Portion:    gypsum  with  a  little  traver- 
tine.    Boron,  nil. 

2.  Formed  by  Mechanical  Action. — The  boulders,  pebbles. 
sand  and  finer  loamy  material  forming  talus-slopes,  sand-hills  and 
plains  are  the  representatives  of  this  class  of  superficial  deposit. 
Further  description  is  unnecessary,  the  features  which  they  con- 
stitute being  described  in  Chapter  II. 

V.     LAVERTON— DUNGE'S  HILL  SECTION. 

The  bulk  of  the  countrj'  passed  over  in  this  portion  of  tlio 
route  consists  of  granite,  concealed  in  many  parts  by  suj)erficial 
<le})()sits.  In  the  granite  are  two  small  belts  of  greenstone.  Hori- 
zontally bedded  sediments  are  found  overlying  granite  and  grct^n- 
stone  as  far  west  as  Point  Salvation. 

A.     Metamorphosed  and  Igneous  Rocks. 

1 .    Greenstones. 

(a)  General  Character  and  Distribution. — A  belt  of  greenstone 
about  one  and  a  quarter  miles  wide  was  crossed  at  Mt.  Sefton,  about 
no  miles  east-north-east  of  Laverton.  No  trace  of  it  was  found 
five  miles  to  the  north-west  on  the  return  route,  but  it  may  be  hidden 
by  superficial  deposits.  It  is  approximately  on  the  line  of  strike 
of  the  Cosmo-Newberry  Belt  lying  30  miles  to  the  north-west  which 
was  described  by  Gibson.*  Nothing  is  known  as  to  its  southern 
extension. 

A  second  belt  (Point  Salvation  Belt)  lies  east  of  Point  Salva- 
tion and  is,  perhaps,  five  miles  wide.  From  its  position  it  may  he 
continuous  with  Gibson's  Mt.  Shenton  Belt  15  miles  to  the  north- 
west.! 

(h)  Hehilion  to  other  Jiocks. — On  the  eastern  edge  of  the  Mt. 
Sefton  Belt  the  granite  is  fine  grained  and  i>orphyry-like,  implying 


•  G.S.W.A.  Bull.  No.  'lA.  pr.  «7-71. 
t  Loc.  eit,  pp.  71-73. 
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that  it  is  later  than  and  intrusive  into  the  greenstone.  This  is  the 
only  indication 'noticed  as  to  the  relative  ages  of  granite  and  green- 
stone. Greenstone  is  iinconformably  overlain  by  the  Wilkinson 
Range  Series  at  Tobin  Hill. 

(c)  Petrology. — The  Mt.  Sefton  greenstones  are  dark  green 
in  colour,  showing  considerable  range  in  texture — from  fine-grained 
sheared  rocks  to  coarse  rocks  sliowing  little  or  no  shearing.  In  hand- 
specimens  small  needles  and  crystals  of  hornblende  are  the  only 
clearly  recognisable  mineral,  [iiy.74^]  and  [ityvj*]  fine  and  coarse- 
»rrained  specimens  resj)ectively,  are  described  in  Appendix  A.  Both 
are  sheared  epidiorites,  probably  closely  related. 

The  western  half  of  Point  Salvation  Belt  consists  of  very 
strongly  sheared  greenstones  (e.g.,  [^0^0-]),  the  eastern  of  a  more 
massive  rock  (e.g.  h^'o^], [^q^.j^])  which,  although  its  minute  struc- 
ture is  too  much  obscured  by  weathering  to  justify  detailed  des- 
cription, is  of  igneous  origin,  and  is  probably  an  amphibolite.  Tlie 
coarse  joints  of  this  rock  strike  south-south-east  and  dip  north- 
north-east  very  steeply.  A  highly  ferruginous  jasper  bar  [y^Vi)-] 
is  developed  in  it  at  the  west  end  of  Tobin  Hill. 

(d.)  Economic  Possibilities. — These  arc  briefly  touched  on  in 
the  next  chapter. 

2.    Granite: 

(a.)  Extent  and  General  Character. — As  already  stated, 
uranite  forms  the  bulk  of  tlie  country  under  discussion.  The  rela- 
tion of  this  rock  to  the  greenstones  and  Wilkinson  Range  Series  has 
been  already  indicated. 

(b.)  Petrology. — In  the  field  the  granites  of  this  section  are 
clearly  but  not  very  strongly  sheared.  They  outcrop  as  rounded 
knobs  like  Point  Vhr,  or  as  breakaways  like  Point  Kidman.  Quartz 
veins  are  not  abundant  in  the  granite  and  are  probably  quite  barren. 
The  nM)st  conspicuous  quartz  vein  is  that  forming  the  "blow''  near 
Point  Salvation  soak. 

Two  specimens  of  granite  [^^^^y]  and  [^  7y\^  ^^1  have  been  examines! 
by  Mr.  Farquharson.  That  from  Point  IJlir  is  a  medium-grained 
lif^lit-coloured  rock,  which  proves  to  be  a  biotite-microcline  granite. 
The  coarse-grained  darker  rock  from  Point  Salvation  is  a  biotite- 
homblende  granite.  Mr.  Farquharson  considers  that  tlie  granite 
masses  rei)resented  by  these  specimens  are  not  genetically  connected, 
but  there  is  no  field-evidence  to  ofli'er  on  the  subject. 

B.    Wilkinson  Range  Series. 

Rocks  of  this  series  were  noticed  at  Point  Salvation  and  at 
Tobin  Hill.  At  Point  Salvation  small  exposures,  both  of  claystone 
and  of  sandstone,  were  noticed,  unconformably  overlying  granite. 
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At  Tobin  Hill  the  series  is  r€|>resent;ed  by  rather  eoa^  grits,  wiiich 
unconformably  overlie  tlie  jTreenstones  and  contain  well  rounHed 
(jiiartz  boulders  up  to  1ft.  3in.  in  diameter. 

C.     SuPERFiciAii  Deposits. 
These  are  of  the  types  described  in  the  preceding  section. 
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I.     MINERAL. 

A.    Minerals  otiif:r  than   Gold. 

1.  Copper,  etc. — The  granite  and  gneiss  which  compose  a  large 
part  of  the  Warburton  Area  have  been  shown  (Chapter  III.  and 
Ai>pendix  A)  to  be  close  counterparts  of  rocks  forming  the  backbone 
of  the  Musgrave,  Everard,  and  MacDonnell  Ranges  in  South  Aus- 
tralia, in  ^vhich  there  has  been  a  good  deal  of  almost  fruitless  search 
for  various  minerals.  From  what  we  saw,  prospects  in  the  corres- 
ponding rocks  of  the  Warburton  Area  are  no  more  encouraging. 

Mr.  F.  Hann  took  samples  from  a  copper  **Iode'^  two  or  three 
iiiiies  west  of  Mt.  Waugh,  which  yielded  more  than  12  per  cent,  of 
copper,  besides  loz.  5dwt.  of  silver  and  a  trace  of  gold.  Mr.  Hann 
considers  the  dei)osit  too  small  to  be  of  value,  but  this  locality  and 
all  the  porphyry  belts  are  well  worth  further  examination  for  simi- 
lar lodes  and  for  large  low-grade  deposits. 

2.  Deposits  of  Borax  are  said  to  have  been  located  on  or 
near  T^ke  Yeo.  Specimens  collected  by  us  from  the  lake  yield  no 
trace  of  this  mineral  (see  p.  112). 

It  may  be  of  interest  to  state  briefly  the  conditions  under  which 
it  is  thought  that  borax  has  been  deposited,  and  to  consider  whether 
any  of  these  conditions  obtain  in  the  neighbourhood  of  Lake  Yeo. 

According  to  Clarke*  three  hypotheses  have  been  proposed  for 
the  origin  of  boric  acid  and  saline  borates.  First,  they  may  have 
been  derived  from  the  leaching  of  rocks  containing  boro-silicates, 
such  as  tourmaline.  Second,  they  may  be  of  volcanic  origin.  Third, 
they  may  have  been  deposited  from  sea-water  in  shallow  parts  of 
the  sea  isolated  from  the  main  ocean.  The  first  mode  of  derivation 
has  not,  he  continues,  been  directly  tested  anywhere;  the  volcanic 
theory  seems  to  fit  a  number  of  localities,  though  its  validity  for 

•  F.  W.  Clarke,    "  Data  of  Geochemistry,"  3rd  Edition,  p.  251,  etc. 
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others  has  been  doubted;  the  marine  theory  undoubtedly  applies  to 
ftiirh  occurrences  as  those' of  Stassfurt,  but  merely  removes  the  difli- 
culty  a  step,  since  we  can  only  guess  as  to  how  the  borates  came  to 
be  in  the  sea-water.  He  inclines  to  the  ^dew  that  volcanic  action 
is  ultimately  responsible  for  borate  deposits. 

Borax  deposits  have  not  yet  been  found  in  Western  Australia, 
though,  if  borates  exist  in  the  rocks,  climatic  conditions  are  suitable 
for  their  accumulation  in  the  many  ^lake"  basins. 

In  the  light  of  recognised  theories  of  the  origin  of  borax- 
deposits,  and  with  our  very  scanty  knowledge  of  the  region  in  ques- 
tion, there  seems  no  hope  of  the  future  discovery  of  such  deposits 
near  Lake  Yeo,  for  neither  is  there  evidence  for  the  existence  of 
boro-silicate-bearing  rocks  nor  of  former  volcanic  activity  in  the 
area  draining  into  the'  lake,  nor  do  the  sedimentary  rocks  of  that 
area  show  any  evidence  of  having  accumulated  in  a  sea  isolated  from 
the  main  ocean. 

B. — Gold. 

It  is,  however,  to  the  gold-bearing  possibilities  of  the  Warbur- 
ton  Area  that  popular  attention  has  been  directed.* 

The  geology  of  gold-mining  centres  in  Western  Australia  leads 
us  to  expect  payable  deposits  almost  solely  in  or  near  greenstone 
biilts.  Low-grade  deposits  are  indeed  known  to  occur  in  sedimentary 
rocks  in  this  State,  e.g,y  in  the  NuUagine  conglomerates!  and  at  Mt. 
Singleton.  This  suggests  enquiry  as  to  the  possibility  of  gold,  both 
in  the  metamorphosed  sediments  (see  pp.  94-96)  and  in  the  lower 
beds  of  the  Towusend  Range  Series  (see  pp.  99-105).  However, 
deposits  of  this  character  would  be  almost  certainly  low  grade  and 
quite  unworkable  for  many  years  to  come  in  such  a  remote  region 
as  the  Warburtons,  so  we  may  confine  our  attention  to  the  possibili- 
ties of  the  greenstones. 

In  Chapter  III.  it  is  shown  that  besides  the  patch  of  green- 
stone country  divided  into  four  belts  (see  Fig.  38)  by  great  por- 
pliyry  dvkes  in  the  Warburton  Area,  small  belts  were  found  at 
Mt.  Sefton  and  at  Point  Salvation  (Plate  I.) 

The  possibilities  of  these  greenstone  areas  as  gold-bearing  belt^ 
may  be  summed  up  as  follows: — 

1.    Mt.  Sefton  and  Point  Salvation — 

Near  the  east  edge  of  the  Mt.  Sefton  Belt,  evidence  of  intru- 
sive porphyry  dykes  was  seen,  but  no  quartz  veins,  except  a  few 
small  lenses  were  noted.  The  greenstones  are  indeed  somewhat 
sheared  in  places  and  possibly  values  may  be  found,  but  this  belt 
does  not  olTer  much  inducement  to  the  prospector. 

The  ground  in  the  middle  part-  of  the  Point  Salvation  Belt,  an«l 
near  Tobin  Hill,  is  strewn  with  quartz  rubble,  but  vein-outcrops  are 

*  Soe  foi   example  tho  account  of  one  of  Mr.  Hann's  expeditions  in  the  WeM 

Australian.  March  1,  1007. 
t  G.S.W.A.  Bull.  No.  20,  p.  18,  et  teq. 
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hidilen  by  over-burden.  This  belt,  which  has  apparently  been  tra- 
vensed  by  al  least  one  party  of  prospectors,  is  more  promising  than 
Mt.  Sefton. 

The  soak  at  Point  Salvation  should  supply  water  for  a  small 
party  in  any  ordinary  season. 

2.    Greenstone  Belts  of  Warborton  Area — 

Several  samples,  collected  in  the  Warburton  Area  by  Mr.  Hann, 
were  assayed  in  the  Geological  Survey  Laboratory  some  years  ago, 
but  none  yielded  more  than  a  few  dwt.  of  gold  per  ton. 

We  are  doubtful  (as  explained  on  p.  82)  regarding  the  cor- 
rectness of  the  mapping  of  the  "North  Belt"  of  greenstone  (sec 
Vig.  38  and  Plate  IT.),  but  subsequent  parties  will  at  any  rate  gain 
from  our  map  a  fairly  definite  idea  as  to  the  most  probable  position 
of  the  greenstone  country  which  they  maj'^  desire  to  prospect. 

The  eastern  end  of  the  North  Belt,  between  Mts.  Waugh  and 
Eveline,  shows  few  signs  of  quartz  veins.  Wherever  else  this  belt 
was  examined,  quartz  was  abundant,  occurring  usually  as  rubble 
and  boulders,  but  quartz  lenses  and  veins  were  frequently  noticed, 
running  parallel  to  the  foliation  of  the  rocks,  i.e.j  west-north-west 
and  ea.st-soutli-east.  A  piece  of  quartz  from  a  vein  apparently 
passing  out  of  porphyry  into  greenstone,  just  north  of  Johnson 
Creek,  yielded  (Lab.  No.  10056)  a  trace  of  gold.  Larger  veins  exist 
near  the  location  of  specimen  [^^V^].  A  piece  of  quartz  from  one 
of  these  yielded  (Lab.  No.  10057)  a  trace  of  gold.  There  is  also 
much  quartz  strewn  over  the  ground  near  Camp  45.  An  assay  of 
a  piece  of  this  quartz  gave  (Lab.  No.  1005S)  5  grains  per  ton.  It 
is  probable  that  large  veins  are  hidden  by  the  over-burden  in  this 
part.  A  quarter  of  a  mile  west  of  Camp  45,  a  quartz  blow  prob- 
ably marks  the  contax't  of  greenstone  and  porphyry.  Prospecting 
in     the    western  portion  of  the  North  Belt  is  certainly  warranted. 

Although  quartz  veins,  having  the  same  strike  as  tliose  of  the 
North  Belt,  were  noted  in  the  second  belt  of  greenstone,  the  bulk  of 
the  country  seen  by  us  was  not  "likely.''  However,  the  unexamined 
patch  of  70  stjuare  miles  between  Camps  42  and  67,  mapped  as 
greenstone,  deserves  attention,  especially  as  signs  of  mineralization 
were  noticed  in  the  greenstones  just  north  of  Camp  42.  A  specimen 
of  quartz  (Lab.  No.  10054)  collected  50  chains  North  of  Camp  42, 
yielded  10  grains  of  gold  per  ton,  and  another  (Lab.  No.  10055)  70 
chains  further  north,  g^ave  8  grains  per  ton. 

The  Third  and  Fourth  Belts  api^ear  to  offer  fewer  chances  to 
the  prospector  than  those  to  the  north,  but  the  chloritic  slates  near 
Warburton  Creek  and  Frank  Scott  Hill  form  "kindly"  country,  and 
may  be  found  in  greater  strength  north-west  and  south-east  of  tlie 
parts  examined.  The  backbone  of  Ainslic  Hill  is  a  strong  east-and- 
west  vein  of  manganese-bearing  quartz,  which  looks  unpromising, 
but  the  country  between  Hughes  Creek  and  Warburton  Range 
should  be  examined. 
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Summarising. — There  is  no  doubt  that  the  Warburton  gi'een- 
stones  are  similar  to  those  found  in  the  Western  Australian  (jol<i- 
fields.  It  does  not  follow,  thou^li,  that  rich  gold  deposits  will  Ik- 
found  near  the  Warburtons.  It  is  only  necessary  to  call  to  mind  iht^ 
big  areas  of  greenstone  country  in  this  State,  which  up  to  the  pre- 
sent have  yielded  little  or  no  gold,  to  convince  ourselves  of  this  fad 
Again,  no  false  hopes  must  be  raised  by  the  abundance  and  size  u! 
the  porphyry  dykes.  The  Warburton  porphyries  may  have  a  bem'- 
ficial  effect  on  the  greenstones,  but  at  present  this  is  **not  proven." 

On  the  other  hand,  the  fact  that  this  expedition  has  not  broJ-yr.' 
back  rich  gold  '^specimens"  is  no  great  matter.  Our  primary  abje<; 
was  the  mapping  of  the  waters  and  main  geological  features  so  thni 
future  prospecting  parties  would  know  where  water  is  to  be  fminl 
and  where  prospecting  is  warranted. 

Our  account  of  the  route  followed  makes  it  clear  that  except  fiT 
small  parties  the  journey  to  Warburton  Range  cannot  be  mad- 
safely,  even  with  camels,  without  tlie  sinking  of  at  least  three  weli>. 
at  intervals  of  about  100  miles,  in  tlie  **desert."  Also,  for  tie 
proper  prospecting  of  the  Warburtons,  a  well  should  be  sunk  a: 
about  the  junction  of  Warburton  and  Elder  Creeks.  From  tl> 
account  of  the  greenstone  belts  just  given,  it  is  evident  that  the  arv? 
of  possibly  auriferous  country  so  far  discovered  is  small,  but  tha: 
it  probably  extends,  particularly  to  the  north-west,  farther  than  ^e 
were  able  to  go. 


II.     PASTORAL. 

Between  Laverton  and  the  Townsend  Range  there  are  a  ft^^ 
small  areas,  generally  in  the  vicinity  of  breakaways,  suitable  f"r 
the  grazing  of  stock,  but  none  seen  by  us  were  of  sufficient  >izp  •" 
warrant  their  being  taken  up  for  pastoral  purposes.  They  for" 
oases  in  a  desert  area,  and  as  such  would  be  of  value  if  a  >t<''^ 
route  were  opened  to  the  Warburton  Area  or  to  South  Australia. 

Between  the  west  end  of  the  Warburton  Range  and  the  Sontl 
Australian  border  there  are  three  patches  (see  Fig.  47)  that  oou!«.. 
in  fiood  seasons,  be  as  heavily  stocked  as  the  best  stations  of  th^ 
Gascoyne  and  Murchison.  We  estimate  that  north  of  the  Towiiseiil 
Range  and  eastward  of  Elder  Creek  there  is  a  block  of  api>n'x: 
mately  040,000  acres,  around  the  Barrow  Range  about  12(U'"' 
acres,  and  between  the  Cavenagh  and  Blackstone  ranges  anotii^r 
120,000  acres,  suitable  for  grazing  purposes.  In  each  of  tht^^ 
blocks  there  is  a  lot  of  waste  country  unsuitable  for  stock,  but  thf 
]ir()j)ortion  of  barren  country  is  no  greater  there  than  in  many  «•' 
tlie  stations  in  the  settled  districts. 

The  country,  however,  appears  to  be  subject  to  long  perio-'^ 
of  drouglit.  In  places  about  80  per  cent,  of  the  mulga  was  dead: 
and  it  was  quite  a  common  thing  to  see  40  to  60  per  cent,  withoii 
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a  sign  of  life.  Ac  first,  we  were  inclined  to  attribute  the  large 
amount  of  dead  mulga  to  bush  fires,  but  usually  there  was  no  sign 
of  eliairing  on  the  bark  of  the  trees.  We  had  a  copy  of  Mr.  Frank 
Hann's  journal  of  his  trip  to  this  region  in  1906.  The  country  was 
then  suffering  from  a  severe  drought,  and  most  of  the  water-holes 
were  dry.  Hann  mentions  that,  near  the  Warburton  Range,  grass 
which  he  had  burned  oft  two  years  previously  had  not  sprouted. 
In  some  parts  of  the  State  there  is  sufficient  salt-bush  and  other 
*'top  feed"  to  carry  stock  over  a  drought  of  two  or  three  years,  but 
in  the  Warburton  Area  there  is  very  little  scrub  apart  from  mulga, 
which  is  generally  too  high  for  stock,  so  in  times  of  drought  a 
irrazier  would  have  very  heavy  losses. 

Even  if  a  regular  rainfall  were  assured  it  is  doubtful  if  the 
selection  of  country  in  the  Warburton  Area  would  be  a  profitable 
proposition.  After  leaving  Laverton  there  is  a  journey  of  over 
360  miles  to  Lilian  Creek,  where  occurs  the  first  and  only  permanent 
water  on  the  route.  As  will  be  seen  by  a  perusal  of  the  section  in 
('hai)ter  I.  dealing  with  water  supplies,  there  are  numerous  water- 
holes  between  Laverton  and  the  Townsend  Range,  but  except  in  an 
unusually  wet  season,  and  then  only  for  a  short  time  after  rain  has 
fallen,  the  only  waters  that  we  saw  large  enough  to  water  a  mob 
of  500  cattle  or  a  flock  of  2,000  sheep  were  at  Watt  Creek  and 
Manton  Creek.  Before  the  country  described  above  could  be  taken 
up  without  undue  risk,  it  would  be  necessary  to  open  a  stock  route 
by  sinking  wells  not  more  than  twenty  miles  apart.  This  would 
mean  sinking  and  equipping  with  troughs,  windlasses,  buckets,  and 
ropes  at  least  eighteen  wells,  and  we  do  not  think  that  under  the 
most  favourable  conditions  the  returns  to  be  derived  from  the 
settlement  of  the  Warburton  area  by  pastoral ists  would  justify 
such  an  undertaking. 
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I.— GENERAL  ACCOUNT  OF  THE  PETROLOGY  OF  THE 

DISTRICT. 

Well  over  one  hundred  specimens  have  been  collected  and  micro- 
scopically examined.  From  the  object  of  the  expedition  and  from 
the  circumstances  which  affected  the  accomplishment  of  that  object, 
it  was,  of  course,  not  possible  to  carry  out  a  detailed  geological  survey 
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of  the  country  traverse*!,  and,  in  consequence,  the  evidence  obtain- 
able with  regard  to  the  relations  between  the  various  rock  types  is 
nect'ssarily  not  complete.  Sufficient,  however,  has  been  obtained  to 
enable  a  fairly  clear  conception  to  be  formed  of  the  petrological  con- 
stitution of  the  District. 

Full   descriptions   of   the   rocks  examined,  together  with   several 
micro-photographs,  are  given  subsequently  in   Section  IT. 

A. — Classification  op  the  Rocks. 

1.  Acid   Porphyries. 

(a)  Acid   Porphyries   with   phenocrysts. 

(b)  Granular    Porphyries. 

(c)  Granite   Porphyry. 

(d)  Micropegmatite. 

(e)  Black   Porphyry   and    Porphyrite. 

2.  Granites,  including  the  Pink  and  Grey  varieties. 

3.  Granulites  and  Gneisses  of  Cohn  Hill  and  Mount  Alov- 

sius. 

4.  Greenstones. 

5.  Basic  Plutonic  and  Dyke  rocks — 

(a)  Plutonic  Intrusives. 

(b)  Kocks  of  Doleritic  habit. 

6.  Rocks  of  Volcanic  Origin. 

7.  Rocks  of  Clastic  and  Sedimentary  Origin. 

B. — General  Remarks  on  the   various   subdivisions. 
1.— The  Acid  Porphyries. 

These  rocks  (amongst  which  is  included  a  somewhat  doubtful 
porphyrite)  attain  a  very  considerable  development  in  the  Warbur 
ton  Area,  constituting  part  of  the  Warburton  Range  and  extendinvr 
eastwards  from  it  to  the  vicinity  of  Barrow  Range.  They  run  gen 
erally  in  bands  in  a  roughly  east  and  west  direction;  are  bounded  on 
the  south  by  the  Greenstones  and  Sediments  and  on  the  north  by  the 
Pink  Granite.  Their  detailed  distribution  has  been  already  given  in 
Chap.  111.,  Sec.  2,  and  may  be  seen  by  reference  to  Plates  TI.  and  m. 

From  the  point  of  view  of  structure,  the  rocks  have  been  found 
to  occur  in  several  well-defined  groups  which  may  be  thus  classified:  — 

(a)  The   Acid   Porphyries  with   phenocrysts. 

(b)  The  (jranular  Porphyries. 

(c)  The  Granite  Porphyry. 

(d)  The   Micropegmatite. 

(e)  The   Black   Porphyry  and  Porj)hyrite. 

(a)   The   Acid  Porphyries   with   phenocrysts. 

Tlicse  are,  in  nearly  all  cases,  extremely  fine-grained,  felsitie  or 
flinty  rocks  varying  in  colour  from  purplish-black,  through  liver-brown 
and  dark-grey  to  light-grey,  pink  and  reddish  tints.  In  rare  instances 
a  profusion  of  ])henocryst8  gives  them  a  somewhat  coarse-grained  ap- 
pearance. While  some  specimens  consist  of  a  few  pinkish  felspar 
j)henoerysts  in  a  blackish  or  brownish  ground-mass,  there  are  all  gru- 
dations  from  thc'so  through  specimens  with  only  felspar  phenocrysts, 
and  others  with  a  few  quartz  phenocrysts  in  addition  to  the  felspar, 
to  specimens,  such  aj  [rtVirl*  consisting  of  numerous,  quite  large,  pink 
felspar  phenocrysts  of  square  and  columnar  form,  and  many  pheno- 
crysts of  quart?.       The  phenocrysts    of    felspar    are    all    fairly  fresh 
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id  the   species   is   generally  orthoclase,  though   in   some  specimens, 
tably    ''ytW]*  there  appears  to  be  an  intergrowth  of  two  species. 
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Quartz  phenocrysts  are  absent  from  some  of  the  rocks,  occur  in 
small  II umbers  in  others,  and  in  others  again  they  are  nearly  as 
common  as  the  felspars.  They  are  always  smaller  than  the  felspars. 
In  two  specimens  [^175^''  and  [n^fxjl,  they  have  a  distinct  blue  tint. 
Frequently  they  show  embayment  by  the  ground-mass  and,  in  a  few 
instances,  resorption  of  the  margins. 

Ferro-magnesians  are  either  absent  altogether,  or  present  in  only 
small  amount.  Chloritic  scales  or  strings  occur  in  some,  e.g.,  [ttVt]» 
[iuV«]  and  [Wff^]»  and  rarely,  as  in  [ttVe.]*  *  ragged  more  or  less 
fibrous  plate  of  pale-green  hornblende.  In  one  specimen,  [n^iy]* 
in  which  there  are  quartz  phenocrysts  to  the  exclusion  of  those  of 
felspar,  there  are  numerous  small  grains  of  pink  garnet. 

The  structure  of  the  rocks  exhibits  a  considerable  degree  of 
variation.  In  some  cases,  the  ground-mass  is  micro-crystalline,  but 
in  many  it  varies  from  point  to  point  in  the  one  section,  some  por- 
tions being  holocrystalline  mixtures  of  small  quartz  and  felspar 
plates,  others  being  microcrystalline,  and  others  again  cryptocrys- 
talline.  Moreover,  in  such  rocks  as  [-nsVrL  [ttJ^tI*  [ttjVtI  and  [tt^tt], 
there  is  a  structure  resembling  the  flow  structure  of  some  rhyolites. 
In  [i^jVt]  ^*  ^s  caused  by  fine  strings  of  chloritic  scales  with  distinct 
parallel  alignment  sweeping  round  the  phenocrysts.  It  is  due,  in  this 
case,  however,  rather  to  dynamic  strain  than  to  true  flow  structure. 
The  same  is  true  of[Tx'y:r].  in  w^hich  the  "flow"  effect  is  even  more 
pronounced.  In  [xuVt]  *  streaky  appearance  has  been  produced  owing 
to  some  portions  oeing  cryptocrystalline  and  others  coarser  in  grain. 
Moreover,  there  is  a  parallelism  of  the  streaks,  and,  in  some  places, 
the  pseudo-flow  structure  round  the  phenocrysts.  Since,  however, 
some  of  the  quartz  plates  and  some  of  the  felspar  forms  are  more  or 
less  disintegrated,  with  the  production,  in  the  case  of  the  quartz,  of 
eye-shaped  areas  it  is  probable  that  the  apparent  flow  structure  is 
again  the  result  of  dynamic  stress  on  the  rock  during  the  process  of 
consolidation.  In  [-tuVtI*  ^^^  ground -mass  consists  of  flne  and  coarse- 
grained bands  or  streaks,  and  the  latter  are  curved  and  wavy.  The 
alternation  of  flne  and  coarse  streaks  or  bands  undoubtedly  suggests 
an  origin  of  the  rock  from  a  flow,  but  as  there  are  again  in  the  rock 
pronounced  effects  of  dynamic  stress,  the  structure  has  probably 
originated  in  the  same  way  as  in  TtuVt]' 

The  structure  of  two  specimens,  [-n^l  and  [jj^g]  calls  for 
special  mention.  In  the  former,  [xtj^^],  which  carries  a  few  ragged 
partially  resorbed  phenocrysts  of  clear  quartz,  the  ground-mass  con- 
sists of  very  little  quartz  and  much  felspar  in  ragged  plates  and  num- 
erous curved,  feathery,  tufted,  wavy  and  divergent  forms  which  are 
probably  perthitic  intergrowths.  Many  of  the  forms  show  a  near 
approach  to  a  radial  structure  and  hence  to  a  spherulitic  appearance, 
but  no  true  spherulites  or  pseudospherulites  were  observed.  The 
ground  is  thus  very  similar  to  that  observed  in  some  granophyres. 

In  the  latter,  [tuVtI^  t^®  ground-mass  consists  in  places  of  a 
microcrystalline  maijs  presumably  of  quartz  and  felspar,  obscured 
by  a  fine  greyish  or  pink  dust,  in  others,  of  streaks  or  cryptocrystal- 
line patches  undulating  through  the  former  and  more  densely  charged 
with  pink  dust  and  obviously  curving  round  the  felspar  phenocrysts 
in  a  manner  observed  in  rhyolites.  The  variation  in  the  ground-mass, 
the  streaky  or  *'flow'^  structure,  and  the  nearly  isotropic  nature  of 
the  streaks  indicate  affinities  with  rhyolitic  flows  and  suggest  that 
the  ground-mass  was  originally  glassy.  The  rock  is  most  closely 
allied  to  the  felsophyrc  of  Roscnbusch,  and  its  peculiarities  have  pro- 
bably been  caused  by  dynamic  strain  during  consolidation. 

These  phenocrystal  porphyries,  therefore,  vary  from  felsitic  varie- 
ties with   felspar  or  quartz  phenocrysts  or  both,   through   granophyrif 
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porphyries  to  varieties  little  different  from  rhyolites.  They  are  all, 
however,  quartz  porphyries,  since  those  with  an  absence  of  quartz 
phenocrysts  still  have  quartz  as  a  constituent  of  the  ground-mass. 


(b)   The  Granular  Forphyries, 

These  rocks  do  not  occur  usually  as  dykes,  but  they  are  seen 
merging  into  dyke  porphyries  at  the  north-west  end  of  the  Eveline 
Dyke,  and  elsewhere,  and  in  some  places  also  into  the  Pink  Granites 
(see  page  92).  The  specimens  are  characterised  by  a  fine  gran- 
ular structure  and  an  absence  of  phenocrysts.  They  are  greyish- 
pink  or  dark-grey  with  a  reddish  tinge,  fine-grained,  and  consist  of 
a  granular  mass  of  quartz  and  felspar  plates.  In  one  specimen,  [^xig]* 
there  are  enclosed  grains  of  pink  garnet,  while  in  both  [^^V^J  *°^ 
[itjVt]  there  are  a  few  small  grains  of  green  hornblende  and  small 
scales   of  green   chlorite. 

(c)   The  Granite  Forphyry, 

This  rock,  of  which  \^xorr\  ^^  *  specimen,  and  which  is  fully 
described  later,  is  a  very  coarse-grained  pink  granitic  rock  in  which 
large  pink  felspar  crystals  and  occasional  small  quartz  crystals  appear 
in  a  finer-grained  ground-mass.  There  is  a  small  amount  of  blafk 
chloritic  mineral. 

Both  in  hand  specimens  and  under  the  microscope  it  present^ 
a  striking  resemblance  to  the  pink  granites.  The  felspars  are  ex 
tremely  coarse  and  platy,  they  are  almost  all  orthodase,  there  is  a 
small  (h-velopment  of  greenish  hornblende,  and  intergrowths  of  quartz 
and  felspar  are  common.  On  the  other  hand,  there  is  no  doubt  what- 
ever that  the  rock  is  a  porphyry,  since  well-define<l  phenocrysts  of  quartz 
are  observable  surrounded  by  an  intergrowth  of  quartz  and  felspar. 
This  intergrowth,  while  in  some  cases  like  the  graphic  intergrowth  of 
granites,  is  in  others  rather  similar  to  that  observed  in  certain  grano- 
phyros.  The  rock,  therefore,  is  to  be  regarded  as  a  coarse  granite  per- 
])hyry  that  is  either  a  margin  to  or  an  apophysis  from  the  pink  granite 
mass,  and  that  is  probably  an  intermediate  stage  between  the  latter 
and   the   pink   quartz   porphyries. 

(d)    The  Micropegmatiie. 

This  peculiar  facies,  from  the  top  of  a  cairn  on  Mount  Squires, 
is  an  apparently  rather  coarse-grained  greyish-pink  granitic  rock  con 
sisting  oliiefly  of  plates  of  felspar.     Its  remarkable  structure  in  seetion 
is  fully  described  in  Section  II.,  so  that  only  the  following  characters 
will  be  given  here. 

It  is  composed  almost  wholly  of  micropegmatitic  intergrowths  of 
(juartz  and  felspar.  Those  in  some  cases  are  identical  with  the 
graphic  intergrowths  observed  in  certain  granites;  in  others  they 
uppenr  exa'tly  similar  to  the  minute  pericline  striations  visible  in 
karlsbad  twins  of  plagioclaso,  while  in  others  again,  they  form  plates 
of  innumerable  dots  or  grains,  which  are  probably  the  result  of  sec- 
tioning the  stiiae  at  right  angles  to  their  length.  Freq'umtly  there 
is  a  gradual  passage  from  a  minute  radial  or  striated  intergrowth 
into  the  coarser  graphic  variety,  and  there  are  patches  of  micropegma- 
tite  frequently  showing  the  outlines  of  idiomorphic  crystals,  which  are 
surrounded  by  granular  intergrowth.  Only  rarely  do  normal  felspar 
plates  occur,  though  large  quartz  plates  are  not  uncommon  in  portions 
of  the  slides. 


127 

(e)   The  Black  Porphynte. 

Tlu'so  are  represented  by  [tt\j^]  from  about  6V2  miles  north-east 
of  Fort  Mueller,  and  [rVij^]  from  about  a  mile  east  of  Camp  55.  The 
former,  [y^^j^],  is  a  very  fine-grained,  dark-grey,  felsitic  rock  with 
small  phenoerysts  of  felspar  and  with  a  yellowish  weathered  crust. 
Though  the  rock  is  obscure  in  structure,  it  is  a  fine-grained,  consid- 
erably  weathered,    felsitic    quartz   porphyry   or  porphyrite. 

The  latter,  [xi^tj^]*  J^  ^^^^  *  dense  black,  fine-grained  felsitic 
flinty  rock  with  occasional  phenoerysts  of  greyish  felspar.  There 
are  occasionally  large,  often  cracked  and  broken  felspars  in  a  micro- 
crystalline  ground  of  felspar  and  apparently  quartz,  obscured  by  a 
flne  dust  of  chloritic  scales,  zoisite  and  calcite  grains  and  some  iron 
ore.  The  phenoerysts  are  mostly  altered  to  zoisite  grains  and  needles. 
The  constituents  of  the  ground  have  clearly  been  drawn  out  into  fine 
lines  or  strings  which  are  minutely  faulted  across.  The  rock  is  rather 
intermediate  than  acid  in  composition,  and  is  more  a  sheared  acid 
j>orphyrite  than  a  porphyry. 

Inter-relation   of  the  Porphyry  groups. 

As  already  remarked,  the  similarity  between  the  granite  porphyry 
and  the  pink  granites  is  so  marked  as  to  suggest  that  the  former  is 
but  an  apophysis  of  the  latter.  The  granular  porphyries  appear  to 
CH'our  as  a  fringe  to  the  coarser  pink  granite,  while  in  places  they  are 
found  merging  into  the  phenocrystal  porphyries.  Owing,  however,  to 
the  unavoidable  lack  of  detailed  observation,  it  is  not  possible  to  state 
whether  they  are  to  be  regarded  merely  as  granular  varieties  of  the 
j»hf»nocryFtal  porphyries  or  granite  porphyry  produced  owing  to  differ- 
eiic'es  iw  the  circumstances  of  crystallisation,  or  as  granulated  varieties 
of  the  pink  granite  porphyry  or  pink  granite  itself  produced  by  dynamic 
metamorphiFm  and  consequent  recrystallisation.  There  is  no  doubt, 
however,  that  all  these  varieties  are  genetically  connected.  The  micro- 
pegmatite  must  be  regarded  both  from  its  mineral  composition  and  its 
field  occurrence  as  a  variety  of  the  phenocrystal  porjihyries. 

The  black  porphyry  [ti^^-j]  though  in  some  respects  differing  from 
the  others,  has  Feveral  points  in  common  with  them,  and  may  be  re- 
garded as  an  extreme  variation  of  the  felsitic  quartz  porphyries. 

The  black  porphyrite  [yxo^].  however,  appears  to  differ  so  con- 
siderably from  the  others  both  in  appearance  and  composition,  that  it 
is  probably  to  be  regarded  as  a  member  of  a  different  series  of  dykes, 
though  its  genetic  relationships  are  at  present  unknown. 

2. — The  Granites. 

These  rocks  are  conveniently  though  only  superficially  divisible  into 
two  groups,  the  pink  granites  and  the  grey  granites,  of  which  the 
former  occur,  broadly  speaking,  west  of  Cohn  ITill,  and  the  latter  east 
of    it. 

The   pink  granites   vary   in    colour    from    the    pink   to   flesh   red. 

Though  a  few  varieties  such  as   [yVirij]  ^^^  fine-grained,  most  are  medium 

-to    very    coarse-grained    with    large    platy    crystals    of    reddish    felspar. 

In    general,    felspar   is   in   excess   of   quartz,   an«l    ferro-magnesians   arc 

only  sparsely  developed.     The  felspar  species  present  are  orthoclase  and 

iiiirrorlinc  with  a  subsidiary  plagioclase  sometimes  enclosed  in  the  micro- 

«^-lino     j'lates.       An     incipiently     foliated     structure  is  at  times  notice- 

i»ble,  particularly  in    [ynV*]*   ^"^^  several  specimens  show  partial  granu- 

]  nation    of    the    colourless    constituents.       Tntergrowths    of    felspar    and 

^_^iiartz  occasionally  occur,  but  only  in  small  patches.     They  are  notice- 

^L  l>ly  coarse  in  [ttW] 
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The  ferro-magnesian  is  jrenerally  biotite  in  a  few  brown  flake?, 
but  green  ehloritic  flakep  and  strings  are  not  uncommon.  In  some  in- 
stances, notably  in  [to**]  ^^^  [tt'iiI  there  is  a  development  of  green 
hornblende  in  addition  to  the  biotite. 

The  striu'ture  is  usually  coarse-platy,  but  dynamic  deformation 
effects  are  noticeable,  snch  as  partial  granulation  of  quartz  and  felspar, 
irregular  extinction  in  these  minerals  and  occasional  incipient  foliation. 

The  grey  granites,  from  which  any. pink  or  reddish  tint  is  a'bsent, 
show  all  gradations  from  fine-grained  varieties  to  extremely  coarse- 
grained rocks  in  which  the  felspars  are  an  inch  or  more  in  length  and 
breadth.  Most  of  the  specimens  obtained,  however,  are  coarse-grained, 
greasy  grey  in  appearance,  highly  felspathic,  with  little  quartz  and 
with  only  a  pmall  development  of  forro-magnesians.  In  one  speeimen 
from  the  Amy  Giles  Rocks,  the  quartz  has  a  heliotrope  tint.  Foliation 
is  scarcely  noticeable  in  any  of  the  rocks  in  hand  specimens,  but  in 
the  rock  masses  in  the  field  pronounced  regional  foliation  can  be  traced, 
a  fact  indicating  that  though  the  rocks  appear  in  band  specimens  as 
granites,  they  are  in  reality  granitic  gneisses. 

Th«  felspar  species  present  are,  as  in  the  pink  granites,  chiefly 
microcline  and  orthoclase  with  subsidiary  striped  plagioclase  occasion- 
ally occurring  in  zoisitised  and  kaoliuised  columnar  crystals  enclosed 
in  the  microcline  plates.  Quartz  is  sparsely  developed,  is  always  much 
less  common  than  the  felspar  and,  being  often  squeezed  in  between  the 
felspar  plates,  is  then  rather  interstitial  than  platy.  Rarely,  small  quartz 
grains  are  enclosed  in  the  microcline  in  poecilitic  fashion.  Qnartz- 
felspar  intergrowths  are  not  uncommon.  They  occur  mostly  in  small 
rounded  areas  and,  in  one  instance  especially,  in  [fi^rrJ'  i^  which  they 
api)ear  as  thin,  more  or  less  parallel  quartz  rods  or  tubules  in  felspar, 
between  large  ])lates  of  orthoclase  or  microcline  and  the  plagioclase, 
they  closely  resemble  the  myrmekitic  intergrowth  of  Sederholm. 

The  ferro-magnesians  are  again  chiefly  biotite  in  small  brown 
flakes,  at  times  altered  to  green  chlorite,  but  there  are  also  in  some 
cases,  particularly  in  [jT^y,]  and  in  [tiS^jI,  undoubted  plates  of  g^reen 
or  greenish -brown  hornblende  associated  with  the  biotite. 

In  one  instance,  viz.,  in  the  rock  from  Mt.  Gosse,  [j-tt^I*  there 
is  a  remarkable  development  of  pink  garnet  in  fine  granular  aggre^ate^. 

All  varieties  of  the  grey  granites  afford  evidence  of  dynamic 
strain.  This  is  most  clearly  shown  in  [ttVsI  ^^  which  an  enormou? 
amount  of  mechanical  deformation  has  been  produced.  The  quartz 
and  felspar  plates  are  partially  crushed,  there  is  pronounced  uneven 
and  wavy  extinction,  secondary  lamellation  in  the  felspars,  and  granu- 
lation of  both  quartz  and  felspar.  Moreover,  to  judge  from  the  see 
tions  the  stress  seems  to  have  operated  along  certain  well-defined  zone*. 
and  it  is  probable  that  these  zones  are  coincident  with  the  regional 
foliation  of  the  gneiss.  A  peculiar  rod-like  structure  in  the  felspar  of 
the  Mt.  Gosse  rock,  resembling  some  perthitic  intergrowths  may  be  the 
result  of  the  mechanical  deformation. 

Eeloiion  of  the  two  groups. 

It  will  be  evident  that  the  rocks  of  both  groups  are  biotite-micro- 
clino  or  biotite-horublende-microcline  granites,  and  that  their  structun^ 
and  com  position  are  fo  closely  similar  as  to  suggest  that  there  is  a 
close  genetic  connection  between  them.  The  occasional  presence  in 
the  grey  granites  of  garnet  aggretjates,  though  apparently  constituting 
a  distinct  tlifference  between  them,  cannot  on  closer  examination  be 
regarded  as  such  since  garnet  does  not  occur  in  all  the  grey  granites, 
and  garnet  has  been  discovered  both  in  the  fine  granular  greyish-pink 
porphyries  referred  to  quartz-porphyry,  and  in  the  foliated  pink  grani- 
tic gneisses.      In  certain  localities,  again,  there  appears  at   first  sight 
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to  be  a  structural  difference  between  the  members  of  the  two  gi'oiipB, 
viz.,  a  foliation  in  the  grey  granites.  Careful  observation,  however, 
proves  this  difference  to  be  more  apparent  than  real.  In  many  localities, 
the  grey  granite  exhibits  a  decided  gneissic  banding  or  foliation  ex- 
tending for  considerable  distances.  In  others,  however,  this  foliation  is 
not  visible  at  all.  Moreover,  in  most  places,  the  pink  granite  is  found 
to  be  foliated.  The  differences  in  structure,  therefore,  like  those  in 
colour,  can  at  present  scarcely  be  regarded  as  of  much  moment  in  face 
of  the  pronounced  general  resemblances. 

Whether,  however,  the  two  granites  are  of  the  same  age,  or  whether 
the  pink  granite  is  a  later  fades  from  the  same  magma  that  produced 
the  grey,  cannot  on  the  evidence  at  present  available  be  determined. 

The  pink  gr-anite,  it  may  be  remarked,  appears  to  be  connected 
through  the  coarse-grained  granitic  porphyry  [^^Vr]  ^^^th.  the  pinkish 
quartz-porphyries  of  the  Warburton  Area,  and  it  is  probable  that  these 
porphyries  are  either  apophyses  from  the  magma  of  the  pink  granite 
or  later  intrusions  from  the  same  magma. 

Two  of  the  granite  specimens  deserve  mention,  though  they  were 
collected  about  two  hundred  miles  west  of  the  Warburton  Area.  Of 
these,  one  from  Point  Uhr  is  a  pale  pink  biotite  microcline  granite. 
The  other  from  Point  Salvation  is  mineralogically  different  from  any 
of  the  granites  described  above.  It  is  a  rather  dark-grey,  coarse- 
grained rock  with  greyish  or  faint  pink  felspars  in  a  finer-grained  mass 
highly  charged  with  scales  of  biotite.  It  consists  of  large  plates  of 
felspar  surrounded  by  smaller  plates  and  columnar  crystals  of  felspar 
and  plates  of  quartz,  with  scales  of  biotite,  occasional  ragged  plates 
of  green  hornblende  and  large  and  small  grains  of  sphene.  No  micro- 
cline was  observed  in  the  sections,  though  crystals  apparently  of  ortho- 
clase  are  not  uncommon.  The  rock  is  a  rather  coarse-grained  biotite- 
hornblende  granite  with  a  tendency  to  porphyritic  structure.  It  differs 
from  the  i)receding  granites  in  the  prevalence  of  biotite,  in  the  occur- 
rence of  green  hornblende,  in  the  structure,  in  the  absence  of  microcline 
and  in  the  presence  of  a  considerable  amount  of  sphene.  On  the  whole 
it  shows  characters  suggesting  a  closer  resemblance  to  granodiorites 
than  to  granites. 

3.— The  Granulites  and  Gneisses  of  Cohn  Hill  and  Mount  Aloysius. 

The  roek  at  Cohn  Hill,  which  extends  in  a  north  and  south  band 
to  Minnie  Hill,  is  of  a  comparatively  rare  type,  and  one  hitherto  unre- 
corded from  Western  Australia.  In  hand  specimens  it  is  a  fine-grained, 
dark  bluish-green,  apparently  siliceous  rock  with  numerous  round  cry- 
stals of  red  garnet,  and  a  rough  imperfect  foliation.  The  rock,  which  is 
fully  described  in  Section  IT.,  consists  of  garnet,  hypersthene,  quartz, 
felspar,  biotite,  iron  ores,  zircon,  and  a  little  doubtful  green  spinel. 
The  structure  is  essentially  granular,  the  result  of  granulitisation  and 
recrystallisation  of  the  colourless  constituents,  and  of  the  occurrence 
of  the  pyroxene  in  granular  forms.  The  rock  is  a  garnetiferous  hypers- 
thene gneiss  or  granulite. 

The  significance  of  the  occurrence  will  be  discussed  after  an 
account  is  given  of  the  other  outcrops. 

At  Mount  Aloysius,  there  are  occurrences  of  two  unusual  rocks: 

From  the  top  of  the  Mount,  specimens  were  obtained  of  a  rock 
showing  indistinct  reddish  garnets  without  crystal  faces,  some  quartz, 
and  Fmall  thin  columnar  or  aeicular  crystals  well  cleaved  and  with 
adamantine  lustre.  On  the  weathered  surfaces,  the  latter  are  visible 
sometimes  in  small  bundles.  The  appearance  of  some  of  the  speci- 
mens very  closely  resembles  that  of  brownish  varieties  of  the  ferru- 
ginous jaspers  so  common  in  the  goldfields  of  Western  Australia.     The 
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rock,  which  is  fully  described  in  Section  11.,  is  a  dynamically  strainei] 
garnet  if  erous-sillimanite-quartz   ro<'k    of   grauulitic   character. 

Again,  about  1V1»  miles  west-north-west  from  the  Mount,  and  out 
cropi)ing  in  a  watercourse,  spe<»inien8  were  obtained  of  a  fine-graine-i 
white  felspathic  rock  with  faint  suggestion  of  foliation,  with  a  Btronjj 
development  of  small  red  garnets,  and  with  a  little  clear  quartz  visible 
in  places.  Tnder  the  microscope,  this  rock  shows  indistinct  bands  of 
fine-grained  kaoliniRed  felspar  and  quartz,  separated  by  highly  quartzofe 
bands  in  which  the  quartz  occurs  in  elongated  ragged  strips  that  ar^ 
remains  of  larger  quartz  plates  partially  granulitised.  Pink  garnet  i« 
very  common,  in  large  and  small  rounded  forms  sometimes  enclosint: 
quartz  grains.  The  original  structure  is  not  clear,  but  apj>ear8  to  have 
been  either  coarse  platy,  or  porphyritic  with  felspar  phenocrysts.  Thf 
rock  is  a  granulitised,  highly  garnetiferous,  quaj^z- felspar  facies  no^ 
in  course  of  alteration  to  a  garnetiferous  granitic  gneiss  or  graEulite. 

Finally,  some  distance  to  the  west  of  Mt.  Gosse,  occurs  a  fine 
grained  grey,  foliated,  garnetiferous-sillimanite-gneiss,  in  which  quarU 
and  felspar  are  not  uncommon.  The  felspar  is  in  part  orthoclase,  in 
jiart  microcline,  though  the  * '  gridiron  * '  structure  observed  in  the  latter 
may  be,  at  least  in  part,  the  result  of  dynamic  stress. 

All  these  rocks  occur  as  bands  apparently  in  the  grey  gneissii* 
granite,  and,  since  the  grey  granites  themselves  all  show  more  or  le<s 
pronounced  evidence  of  dynamic  strain,  and  the  granite  at  Mt.  Gosse 
has  a  considerable  development  of  granular  garnet,  it  would  appear 
that  they  are  due  to  a  recrystallisation  of  the  granitic  rocks  in  certain 
zones  along  which  shearing  has  been  most  intense. 

Two  of  the  si)e<*imenB,  however,  the  garnetiferous  hypersthene- 
granuljte,  and  the  white  garnetiferous-grannlitic  rock  from  near 
Mount  Aloysius  are  of  particular  interest.  Though  the  amount 
of  available  material  of  the  former  is  too  small  to  allow  of 
a  chemical  analysis  being  made,  nevertheless,  from  its  com- 
position and  structure,  it  would  appear  to  have  been  originally  of 
granitic  character.  Moreover,  there  is  an  undoubted  resemblance  be 
tween  it  and  some  of  the  acid  varieties  in  the  Chamockite  Series  of 
Southern  India,  described  by  Dr.  Holland,  and  in  particular  to  the 
varieties  that  have  been  dynamically  metamorphised  with  the  produc 
tion  of  garnets  and  a  gneissose  structure.  Further,  the  white  garneti 
ferous  granitic  rock  from  the  watercourse  west-south-west  of  Mount 
Aloysius  presents  certain  distinct  points  of  similarity  with  the  cream 
coloured  friable  rock  of  the  Chamockite  Series  referred  to  by  Dr.  Hol- 
land as  the  Garnetiferous  Leptynite. 

There  is  reason  for  believing,  therefore,  that  in  Central  Australin, 
just  as  there  are  occurrences  (to  be  described  later)  of  olivine  norite< 
and  allied  rocks  practically  identical  with  those  from  the  CuddajKit 
series  of  South  India,  so  there  is  a  counterpart  of  some  at  least  of  thf 
nienibors  of  the  Chamockite  Series.  Should  further  investigation  P; 
this  very  inaccessible  region  of  Australia  confirm  this  belief,  the  evi 
tionoe  already  at  hand  from  the  petrological  affinities  of  these  isolateil 
relics  of  the  ancient  Gondwana  Land  will  be  considerably  strengtheneil 
especially  as  Lacroix  has  recently  discovered  members  of  the  Charnoo 
kite  Series  of  India  on  the  Ivory  Coast  of  Africa,  and,  according  to 
(iregory,  some  members  of  it — the  hypersthene  granulite  and  a  horn 
blende  hyperite— have  been  found  in  Benguella  on  the  West  African 
Coast.  It  is  worthy  of  remark^  however,  that  there  is  no  occurrence  ir 
tiic  Chamockite  Series  of  India  of  the  sillimanite-gneisses  of  Central 
Australia,  while  these  rocks  form  an  important  member  of  the  **Norir.al 
(iranulites ' '   or  Saxon   Granulites   of   German   petrographers. 

It  is  propose  I  to  deal  more  fully  with  the  significance  of  the  occur 
rence  of  the  olivine  norites,  the  hypersthene-granulites  and  the  garneti 
ferous  gneiJ-8  or  granulites  of  Central  Australia  in  a  separate  paper. 
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4.— The  Greenstones. 

The  rocks  included  in  this  division  comprise  those  which  consist 
chiefly  of  hornblende  either  in  fibrous  or  in  platy  forma,  and  either 
fresh  or  chloritised,  and  felspar  in  columnar  platy  or  granular  form, 
and  which  are  of  some  t-faade  of  green  in  colour,  though  the  green  tint 
may  be  modified  by  the  presence  of  epidote  or  zoisite  or  oxide  of  iron. 
The  distinction  between  these  rocks  and  those  described  subsequently 
as  volcanics  is  rather  difficult  to  establish.  The  specimens  of  both  divi- 
sions afford  evidence  that  the  original  ferromagnesian  was  augite;  they 
are  much  altered  by  epidotiFation,  carbonation.  etc.,  and  in  the  case 
of  most  of  the  greenstones  and  of  all  the  volcanics  the  structure  is 
more  or  less  recognisable  as  originally  ophitic.  Moreover,  owing  to 
the  circumstances  under  which  the  expedition  was  carried  out,  detailed 
field  work  on  the  outcrops  was  impossible.  For  these  reasons,  there- 
fore, it  is  quite  possible  that,  as  subsequently  remarked  in  connection 
with  the  volcanic  rocks,  some  of  the  specimens  placed  among  the  green- 
stones are  really  non-vesicular  varieties  of  the  former.  The  facts,  how- 
ever, that  the  original  ferro-magnesian  is  now  represented  wholly  or 
almost  wholly  by  green  hornblende,  and  that  the  latter  is  in  the  fibrous 
form  commonly  regarded  as  due  to  dynamic  metamorphism,  have  ser^'ed 
as  the  positive  criteria  for  the  differentiation  of  the  greenstones. 

The  rocks  extend  from  the  Warburton  Bange  eastwards,  and  are 
apparently  intruded  by  a  series  of  roughly  parallel  porphyry  dykes, 
which  strike  broadly  east  and  west.  The  majority  are  medium  to  fine- 
grained fibrous  epidiorites  and  amphibolites  that  have  been  derived 
from  dolerites  or  gabbros,  that  have  been  very  considerably  epidotlsed 
and  zoisitised,  and  in  which  the  original  augite  has  been  in  nearly  ~all 
eases  completely  altered  to  fibrous  hornblende  or  to  chlorite.  Despite 
the  common  alteration,  however,  in  most  of  the  rocks,  relics  of  original 
ophitie  structure  are  still  preserved.  One  specimen,  [t-»1i,]  from  near 
Mount  Herbert,  is  noticeably  sheared.  Another  [yo^jg]  from  half  a  mile 
south  of  Camp  42,  is  very  coarse-grained  and  resembles  the  coa'rse 
pegmatitic  facies  of  the  qunrtz-dolerite  of  Kalgoorlie.  Tn  both  [ii^al 
and  [jxJyjl  from  rear  Miller  Hill,  there  is  a  close  reFemblance  both  in 
structure  and  composition  to  the  fine-grained  fibrous  zoisitic  amphibolite 
or  epidiorite,  Tr^rgl  »  ^'<^™  Meekatharra,  and  the  fine-grained  amphi- 
bolites from  Kaltoorlie.  Tn  [n^gl  ^^^™  Prank  Scott  Hill,  which  is 
a  uralitic  epidiorite,  there  are  remains  of  original  augite. 

Especially  noteworthy  is  a  specimen  [10*75]  from  five  miles  north- 
north-east  of  Camp  4.5,  which  proves  to  be  a  scapolite-amphibolite,  the 
first  recorded  occurrence  of  such  a  rock  in  Western  Australia.  The 
rock  itself  is  medium-grained  and  dark-green  in  colour,  consisting  of 
large  irregular  plates  of  green  hornblende,  with  a  smaller  development 
of  plagioclase  felspar  in  plates  and  columus.  The  scapolite  occurs  as 
thin  veinlets  along  the  twin  planes  of  the  felspar,  and  as  irregular 
pmall  patches  in  the  plates  and  columns  themselves.  The  changes  by 
which  plagioclase- felspar  has  been  altered  to  scapolite  have  been  de- 
scribed by  Judd.  According  to  him,  liquids  under  pressure  and  con- 
taining chlorine  in  some  form  or  other,  produce  cavities  by  solution 
along  the  twin  planes  of  the  felspar,  which  become  filled  by  super- 
saturated solutions  of  sodium  chloride.  At  a  subsequent  period,  dynamic 
stress  causes  a  conversion  of  the  mixture  of  plagioclase  felspar  and 
sodium  chloride  into  scapolite.  Xow,  results  of  dynamic  stress,  viz., 
crushing  of  the  hornblende  plates,  irregularity  of  extinction  in  the 
quartz  and  fel8i)ar,  and  parti'il  granulation  of  the  latter  are  distinct  in 
the  rock,  typVo]'  There  is  in  it  an  unusually  large  development  of 
needles  of  apatit*^,  in  all  probability  the  chlorire  variety,  and  the  felspar 
of  the  rock  is  a  lime-soda  species.  It  is,  therefore,  most  probable  that 
Judd's  explanation  accounts  for  the  origin  of  the  mineral  in  this  rock. 

(5) 
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The  Bcapolite-amphibolites  from  India,   described  by  Dr.  Holland,  are 
apparently   more   severely   crushed   and   granulitised   than  is   the   case 

^^^^    lijytoi*   ^^^  ^^  *^®  other  hand,  scapolite  is  evidently  more  abun- 
dant in  the  rocks. 

Included  in  this  division  are  two  specimens  from  Mount  Sefton, 
which  occur  about  two  hundred  miles  to  the  west  of  the  Warburton 
Kange,  and  are  typical  greenstones,  similar  to  those  from  the  known 
greenstone  areas  of  the  Western  Australian  Goldfields.  One,  [jia], 
is  a  fine-grained  dark-green  minutely  acicular  and  foliated  epidiorite, 
and  the  other,  [xjfgslt  is  a  rather  coarse-grained,  dark  grey-green, 
sheared  epidiorite.  They  are  both  probably  facies  of  the  same  rock 
mass. 

5. — Basic  Plutonic  and  Dylce  Roclcs. 

These  rocks  may  be  classilied  in  two  groups: — 

(a)  Plutonic  Intrusives,  or  rocks  of  Plutonic  habit  occurring 

apparently  as  large  masses. 

(b)  Rocks  of  Doleritic  habit,  occurring  demonstrably  as  dykes. 

(a)  Plutonic  Intrusives. 

Four  specimens  referable  to  this  group  were  collected,  three  fron. 
the  Cavenagh  Range — [y^^],  [j^^^]  and  [y^] — and  one  from  the 
east  end  of  the  Blackstone  Range — [y^j,].  Of  these,  the  first  two 
from  the  Cavenagh  Range  are  black,  rather  coarse-grained  rocks,  the 
third  (from  Fort  Mueller)  is  finer  in  grain  and  shows  light-grey  plagio- 
clase  evident  to  the  naked  eye,  while  the  specimen  from  the  Blackstone 
Range  is  very  coarse-grained  and  greyish-black  in  colour.  All  the  rocks, 
which  are  fully  described  in  Section  II.,  are  fresh,  holocrystalUne,  and 
even-grained,  with*  greasy  lustre  and  numerous  reflecting  surfaces  of 
colunmar  twinned  plagioclase,  and  in  all  there  is  a  prepcmderance  of 
felspar  over  the  ferro-magnesians.  The  freshness  of  the  rocks  is  re- 
markable, for,  though  there  is  occasionally  an  alteration  of  olivine  and 
iron  ore,  there  is  no  trace  of  such  alteration  products  as  chlorite,*  epi- 
dote,  saussurite  or  sericite,  and  only  occasionally  is  there  a  very  slight 
development  of  kaolin.  In  this  respect,  the  rocks  are  markedly  different 
from  the  Greenstones  already  described  and  even  from  the  majority  of 
the  basic  dolerite  dykes  to  be  described  subsequently.  They  are  ail  of 
gabbroid  type,  though,  o\\ing  to  the  fact  that  sometimes  an  ophitic  re- 
lation obtains  between  the  ferro-magnesian  and  the  felspars,  they  may 
equally  well  be  described  as  dolerites. 

The  chief  minerals  present  are  plagioclase,  hypersthene,  olivire. 
diallage  and  hornblende.  The  felspars  which  in  all  eases  form  the  bull^ 
of  the  rock  are  in  large  columnar  finely  twinned  forms  either  quite 
fresh  or  rarely  faintly  turbid  from  kaolinisation.  The  species  present 
is  invariably  a  basic  one,  basic  labradorite  or  bytownite.  In  [-,t)^«l 
the  felspar  is  so  far  predominant  that  the  rock  approaches  an  anortho- 
site  in  composition.  The  characters  of  the  ferro-magnesians  differ  in 
different  rocks.  In  [^5?^^].  in  which  there  is  only  a  small  development 
of  coloured  minerals,  trie  chief  is  hypersthene  in  R'rains  and  anhedral 
forms  often  in  ophitic  relation  \>ith  the  felspar.  The  mineral  is  gener- 
ally markedly  pleochroic  in  pink  to  pale  green  tones,  and  sometimes  ex- 
hibits a  distinct  schiller  structure.  There  are  in "  addition  anhedral 
plates  of  monoclinic  pyroxene  often  with  a  border  of  hypersthene  and 
some  granular  forms  referred  to  olivine. 

In  [y^^5p]  the  hypersthene  is  in  rounded  grains  and  irregular  plat^ 
forms  generally  without  schillerisation.     Associated  with  it,  but  mostly 

*  Barelj  a  few  flakes  of  frreen  chlorite  are  obeerTable. 
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in  anhedral  forms,  is  a  schillerimd  colourless  diallage.  In  some  oases, 
small  grains  of  hjpersthene  occnr  in  the  diallage,  evidently  an  inter- 
growth  of  the  two  minerals,  wkich  are  easily  distingnishable  by  the 
pleochroism  of  the  former,  by  the  different  optical  orientation,  and  by 
the  absence  of  schiller  structure  in  the  hypersthene.  Plates  of  unschil- 
lerise  I  diallage,  however,  are  not  uncommon.  In  addition  to  these  min- 
erals and  in  common  associatioif  with  them  are  rounded  grains  of  olivine 
often  with  slight  traces  of  schillet,  and  sometimes  almost  surrounded  by 
a  rim  of  hypersthene. 

In  [ttVtI  ^^®  ferro-magnesians  are  more  common,  olivine  occurs 
frequently  in  granular  as  well  as  tapering  forms,  and  often  there  is  a 
border  of  hypersthene  between  the  olivine  and  the  felspar.  A  faint 
schiller  is  noticeable  in  the  olivine,  a  brown-red  staining,  and  a  partial 
decomposition  to  a  brown-red  mineral  referred  to  Iddingsite.  Moreover, 
associated  with  the  hypersthene  are  occasional  plates  of  greenish-brown 
hornblende  which  are  probably  original.  Ophitic  structure  is  distinct  in 
the  rock. 

In  [xrirrl  ^^^  ferro-magnesians  are  nearly  as  common  as  the  fel- 
spar. There  are  rounded  grains  and  plates  of  hypersthene  with  occa- 
sional plates  of  diallage  in  which  orthopinacoidal  twinning  with  a  basal 
striation  has  produced  a  "herring-bone"  structure.  Grains  of  hypers- 
thene occur  enclosed  in  diallage,  and  the  two  minerals  are  generally 
closely  associated  in  a  pyroxene  aggregate.  The  rock  differs  from  the 
others  of  the  group  in  the  apparent  absence  of  olivine.  It  shows  a  re- 
markably close  resemblance  to  the  norites  from  Norseman,  and  from 
several  other  localities  in  the  State,  and  there  is  no  doubt  it  is  genetic- 
allv  the  same  rock. 

These  four  specimens  are,  therefore,  clearly  but  variants  of  one 
original  basic  gabbroid  or  doleritic  magma.  They  are  remarkable  for  the 
7)yroxene  intergrowths  noticeable  in  them.  Reference  to  a  paper  by  J.  A. 
Thomson,*  on  Hock  Specimens  from  Central  and  Western  Australia,* 
shows  that  he  had  already  identified  rocks  of  exactly  similar  nature  from 
the  Cavenagh  Kange;  and  since  he  has  described  in  fyll  the  pyroxene 
intergrowth,  the  relation  between  the  rocks,  the  significance  of  the  dis- 
covery of  this  group,  and  the  relation  between  it  and  the  Norseman 
Norite  dykes,  there  is  no  need  here  to  enter  on  further  discussion  of 
these  points. 

(b)  Bocks  of  Doleritic  habit. 

In  contradistinction  to  the  rocks  of  the  previous  group,  all  but  one 
of  these  have  been  observed  occurring  as  dykes  intruding  rocks  of  dif- 
ferent identity.     Taken  seriatim,  they  are: — 

1.  A  rather  fine-grained  micro  pegmatitic  qnartz-dolerite  with  flakes 
of  biotite,  intrusive  into  the  coarser-grained  biotite-microcline-granite 
[y^V?]*  T^  ^^18  rock  the  chief  constituents  are  colourless  augite  and 
basic  labradorite  in  ophitic  relation  with  one  another.  The  augite  shows 
in  places  an  altered  margin  of  green  chlorite  or  green  chloritic  horn- 
blende. There  are  small  areas  of  quartz-felspar  micropegmatite,  a  few 
small  interstitial  plates  of  quartz,  occasional  flakes  of  biotite,  apatite 
needles  and  large  grains  of  ilmenite  or  titanomagnetite. 

2.  An  ophitic  olivine  dolerite,  intrusive  into  the  granite  [y^]. 
This  is  ai  fresh,  medium-grained  black  rock  with  numerous  reflecting  sur- 
fa<»ea  of  augite  and  felspar.  The  augite  is  in  anhedral  plates  of  a  grey- 
ish or  violet  tint,  extremely  cloudy  or  opaque  from  the  presence  of  a 
fine  dust,  and  sometimes  schillerised. 

The  olivine  is  in  rounded,  oval  and  irregular  grains,  at  times  with 
a  faint  schiller,  and  sometimes  decomposed  with  the  same  products  as  in 

*  Thomson,  J.  A. ;  Bock  Specimens  from  Central  and  Western  Anstralift.     Jour,  and 
Proc.  Boy.  Soc,  N.8  W.,  Vol.  XLV.,  1911, 
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the  plutonic  olivine- noritefl.  The  felspar  is  abundant,  in  columnar 
crystals,  forming  a  plexus.  The  8j)ecie8  is  bytownite.  Apatite  needles 
and  ilmenite  grains  are  not  uncommon  and  there  are  a  few  scales  of 
biotite,  but  quartz  is  not  present. 

'A.  The  ophitic  quartz-dolerite  intruding  the  granite  of  which 
[^  1  ]  is  a  specimen.  This  ia  a  fairly  fresh,  medium-grained  rock  simi- 
lar in  appearance  to  the  olivine  dolerite  just  mentioned,  but  somewhat 
stained  by  iron  oxide.  The  chief  constituents  are  again  augite  and  fel- 
spar, the  former  in  large  irregular  plates  of  greyish  violet  colour,  aD>1 
the  latter  in  columnar  forms  in  ophitic  relation  with  the  augite.  The 
felspar  species  is  bytownite.  There  is  a  little  interstitial  quartz  in  small 
grains  and  plates. 

4.  A  fine-grained  ophitic  dolerite  occurring  as  a  dyke  in  the  gneiss 
forming  hills  near  Mount  Aloysius.  The  rock  is  of  black  basaltit*  ap- 
pearance, and  consists  of  anhedral  forms  of  pink  augite  in  a  plexus  of 
somewhat  niicacised  felspars.  In  structure  and  composition  it  is  i<)en- 
tical  with  the  dolerite  occurring  as  a  dyke  at  Sandstone,  and  at  Paddy's 
Flat  at  Meekatharra. 

5.  A  fine-grained  amphibolised  dolerite,  occurring,  according  to 
the  field  evidence,  as  a  dyke  intrusive  into  the  olivine-norite 
[^^^].  The  rock  is  very  fine-grained,  nearly  black  and  basaltic  in 
appearance.  Microscopically,  it  is  much  altered  and  consists  of  a  den^e 
mass  of  minute,  nearly  colourless,  pale-green,  fibrous  prisms  of  horn- 
blende, in  which  are  thin  short  laths  of  turbid  felspar.  The  fibrouo 
hornblende  has  undoubtedly  been  derived  from  original  granular  augite. 
Strictly  gp^aking,  the  rock  should  be  classed  amongst  the  Greenstone^i. 
but  from  its  mode  of  occurrence  and  structure  it  is  probably  more  justh 
considered  in  the  present  group. 

Affinities  of  these  Dyke  Bocks. 

According  to  Thomson,*  the  micropegmatitic  quartz-dolerites— pre- 
sumably the  same  as  those  occurring  as  dykes  in  the  granite  [-r^^d-^]"" 
are  members  of  the  related  series  of  olivine  norites.  He  regards  then; 
as  the  aciO  portions  of  the  basic  magma  that  gave  rise  to  the  norites. 
While  there  is  no  evidence  of  this  relationship  in  the  paper  beyond  cer- 
tain microscopic  similarities,  and,  presumably,  analogy  with  localitie* 
in  which  quartz-dolerite  facies  occur  as  margins  to  basic  gabbros,  th*" 
view  is  to  some  extent  supported  by  the  occurrence,  as  dykes  in  the 
granite,  of  ophitic  olivine  dolerites.  These  rocks  agree  so  closely,  l>on 
in  structure  and  composition,  with  the  olivine- norites  of  the  Cavenai:'' 
Range  as  to  suggest  that  they  are  both  not  only  genetically  conneetei 
but  probably  contemporaneous;  or  in  other  ^ords,  that  the  magma  whi*'" 
gave  rise  to  the  plutonic  mass  at  the  same  time  gave  rise  to  the  olivint* 
dolerite  dykes.  If,  then,  the  micropegmatitic  quartz-dolerite  rc^resente*! 
an  acid  I'ortion  of  the  magma,  it  is  feasible  that  dykes  were  formed  o' 
two  types  of  rock  differing  considerably  in  chemical  and  mineral  com- 
position  and  yet  contemporaneous  and  of  the  same  origin. 

On  the  other  hand,  since  dykes  of  fine-grained  amphibolised  doler 
ifes  have  been  discovered  clearly  intruding  the  olivine  norite  mass  »■ 
Cavenagh  Range,  it  is  certain  that  either  all  the  dykes  are  not  of  tb** 
tame  series  and  age,  or  they  are  themselves  an  inter-related  group  anl 
of  different  age  from  the  norites.  The  small  amount  of  evidence  avail 
able  points  to  the  occurrence  of  at  least  two  sets  of  dykes  of  differei^t 
age. 

Tt  is  remarkable  that,  as  pointed  out  by  Thomson,  exactly  simib' 
rocks  to  the  OliV-ine-Norite  s(>rie8  have  already  been  noted  from  Sout-i 
Africa  and  South  India,  And  the  question  arises  whether  they  have  no* 

•  hoe,  eit.  pp.  307-S, 
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all  arisen  from  a  magma  which  at  the  time  of  the  breaking  down  of  the 
Gondwana  Continent  was,  as  the  result  of  the  consequent  earth  move- 
ments, introduced  into  the  pre-existing  rocks  at  the  same  time  in  three 
different  portions  of  the  Continent  yet  remaining.  This  question  it  ia 
proposed  to  discuss  in  a  paper  dealing  with  the  probable  occurrence  of 
the  counterparts  of  the  Charnockite  Series  in  Central  Australia. 


6. — Roeks  of  Volcanic  Origin. 

The  identification  of  these  rocks  has  been  based  chiefly  on  the  oc- 
currence of  vesicular  cavities  infilled  with  epidote,  quartz  or  calcite  or 
mixtures  of  these,  but  also  to  a  certain  extent  on  the  structure  of  the 
rock  mass.  Since,  however,  the  rocks  are  all  much  decomposed,  since 
some  of  the  rocks  do  not  contain  vesicles,  and  since  in  these  the  chief 
indication  of  a  volcanic  origin  is  the  presence  of  traces  of  two  genera- 
tions in  the  original  ferro-magnesian,  the  differentiation  of  these  rocks 
from  the  greenstones  already  described  is  a  matter  of  considerable  diffi- 
culty, and  it  is  quite  possible  that,  except  in  the  case  of  the  vesicular 
rocks,  seme  to  which  a  volcanic  origin  is  ascribed,  should  really  be  in- 
eluded  amongst  the  Greenstones,  and  that  some  of  the  latter  may  repre- 
sent non-vesicular  facies  of  some  of  the  volcanics.  The  structure  of  cer- 
tain members  of  these  divisions  is  undoubtedly  very  similar,  though, 
whereas  in  the  greenstones  the  original  ferro-magnesians  have  been  al- 
ttred  chiefly  to  fibrous  hornblende  and  chlorite,  in  the  Volcanics  they 
have  been  altered  in  most  cases  only  to  chlorite,  while  in  some  of  the 
rocks  ferro-magnesians  appear  to  have  been  almost  wholly  absent. 

The  rocks  have  been  found  in  the  neighbourhood  of  Mt.  Herbert; 
eight  miles  north-east  of  Depot  Camp;  3^1»  miles  east-south-east  of 
('amp  46  near  Hughes  Creek;  and  at  Table  Hill.  With  the  exception  of 
the  Table  Hill  group,  they  occur  at  the  base  of  the  Townsend  Range 
Sedimentary  Series. 

The  rocks  are  all  fine-grained  much  altered — chloritised,  epidotised, 
carbonated  or  ferruginous---dolerites  with  an  ophitic  structure  more  or 
less  distinct. 

The  specimens  from  Mount  Herbert  comprise  two  that  are  vesicular 

[yri^l  *"^^  [tA?1»  ^^^  ^^^  ^  which  small  black  chloritic  patches 
occur    [^J. 

Of  tne  vesicular  rocks,  one  f^^^^l  is  fine-grained  and  dark-green 
in  colour  with  many  small  rounded  yellow  spots,  some  of  which  are  epi- 
dotic,  others  zoisitic  and  others  quartzose.  Prom  the  form  and  (om- 
position  of  these  spots  they  are  much  more  probably  vesicles  than  do- 
composed  phenocrysts.  The  mass  of  the  rock  is  a  fine  plexus  of  laths 
and  small  slender  rods  of  felspar  with  the  interstices  occupied  by  black 
.magnetite  dust,  wjth  associated  epidote  grains.  The  structure  of  the 
mass  is  very  similar  to  that  in  the  dense  black  varieties  of  the  Cue  and 
Sandstone  dolerite  dykes. 

[tts^I  M  ^'^T  similar  both  in  appearance  and  structure  to  [y^Vsl* 
hilt  the  vesicular  forms,  instead  of  being  almost  entirely  of  yellow  epi- 
dote, are  chiefly  of  white  calcite,  though  some  granular  epidote  occurs 
with  the  calcite, 

f^-^^]  which  is  a  medium-grained  rock  of  a  dull  greenish-black  colour, 
differs  from  the  two  former  in  showinff  no  vesicles,  but  in  place  of  them 
there  are  numerous  small  black  chloritic  patches  and  occasional  crystal 
of  calcite,  and  patches  of  yellow  epidote.  The  mass  of  the  rock  is  a?ain 
a  plcxns  of  laths  of  felspar  largely  obscured,  however,  by  fine  scalv 
chlorite,  granular  zoisite  and  large  and  small  grains  of  calcite.  Tb^ 
Uaok  chloritic  patches  appear  to  represent  phejiocrysts  of  the  original 
ferro-magnesian. 
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The  rock  from  eight  miles  north-east  of  Depot  Gamp  is  fine-grained 
dull  greenish-black  with  occasional  blackish  chloritie  patches.  It  is  agaiji 
highly  epidotised  and  zoisitised,  but  of  indistinct  character  owing  to  ad- 
vanced decomposition.  The  largo  chloritie  forms  are  of  doubtful  origin, 
since  it  is  not  clear  whether  they  are  vesicular  infiUings  or  merely  al- 
teration products  of  ferro-magnesian  phenocrysts. 

The  specimen  from  3^^  miles  east-south-east  of  Gamp  46  is  a  fine- 
grained, liver-brown  basaltic  rock  with  numerous  small  and  large 
rounded  vesicular  epidotic  forms.  It  consists,  again,  of  a  plexus  of  rods 
and  laths  of  felspar  with  granular  iron  ore  and  frequent  patches  of  epi- 
dote.  Owing  to  the  density  of  the  rock  and  the  amount  of  staining  by 
iron  ore,  there  is  no  trace  of  ferro-magnesian  and  it  is  possible  that  the 
rock  originally  contained  none.  The  structure,  however,  closely  resembles 
the  ophitic,  and  the  slides  are  very  similar  to  those  of  the  dense-black 
tachylitic  margins  common  in  connection  with  the  Sandstone  dolerite. 

The  Table  Hill  rocks,  which  are  found  constituting  a  small  eminence 
in  sand  country  considerably  to  the  south  of  Mount  Kerbert,  form  a 
fairly  well-defined  series.  They  are  all  fine-grained,  and  though  they 
show  a  variation  in  colour  from  dark-brown  to  light-grey,  since  the  de- 
grees of  colour  obviously  depend  on  the  presence  of  a  greater  or  smaller 
amount  of  red  oxide  of  iron,  it  is  probable  that  they  were  all  originally 
similar  in  appearance.  Some  of  the  rocks  consist  of  fairly  large  an- 
hedral  and  subhedral  plates  of  colourless  augite,  with  a  con^derable 
development  of  granular  augite  in  ophitic  relation  with  numerous  small 
rods  or  laths  of  felspar,  and  with  an  occasional  small  phenocryst  of  fel- 
spar. Others  show  only  granular  and  no  platy  augite,  with  a  greater 
development  of  porphyritic  crystals  of  felspar.  Most  noteworthy  of  all, 
however,  are  specimens  which,  in  a  fiaie-grained  brownish-red  mass,  con- 
tain numerous  rounded  spherules  or  vesicles,  some  empty,  others  lined  by 
thin  quartz  crystals  as  in  geodes,  and  others  wholly  fiUed  up  by  white 
quartz.  The  vesicular  origin  of  these  forms  is  beyond  doubt,  and  this 
fact,  together  with  the  finely  doleritic  or  ophitic  structure  of  all  the 
specimens,  and  the  close  similarity  between  them  in  both  structure  and 
composition  indicates  that  all  the  rocks  are  of  volcanic  origin  and  hut 
variations  of  the  one  rock-mass.  The  chronological  relation  of  the  series 
has  already  been  discussed  in  Chapter  HI.  of  the  Bulletin. 

7.— Rocks  of  Clastie  and  Sedimentary  Origin. 

*  This  two-fold  division  of  the  rocks  has  been  adopted  owing  to  the 
occurrence  not  only  of  true  sedimentary  rocks,  but  of  probable  tuffs 
and  agglomerates  which,  though  in  origin  connected  with  the  Volcanic 
Eocks,  are  yet,  both  in  structure  and  in  field  occurrence,  intimately  con- 
nected with  the  true  sediments. 

(i.)   The  Clastic  Bocks  include: — 

(a)  Specimens  such  as  r^^]  from  the  same  locality  from  whieli 
specimens  of  a  chloritised  ophitic  dolerite  were  obtained.  This  rock  is 
dirty  green  in  colour,  fine-grained  and  much  decomposed,  with  a  fra^- 
mental  and  tufaceous  appearance  distinct  in  ordinary  light.  Micro- 
scopically in  some  respects  it  resembles  a  highly  chloritie  greywacke, 
in  others  a  decomposed  tuff  or  ashy  agglomerate. 

(b)  Specimens  of  which  f^^]  is  an  example.  In  ttis  case,  the 
rock  is  dark-grey-green  and  fragmentary  with  a  slightly  sheared  struc- 
ture, and  with  fragments  of  various  sorts  and  sizes  easily  visible.  The 
matrix  closely  resembles  that  of  a  sedimentary  rock,  especially  of  a 
greywacke,  while  the  included  igneous  and  possibly  volcanic  fragments 
suggest  a  resemblance  to  some  volcanic  conglomerates.  From  the  struc- 
ture and  composition  of  the  matrix  this  rock  is  best  interpreted  a»  a 
sheared  greywacke  with  enclosed  igneous— in  some  instances  probaWT 
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volciunc — fragments.  It  is  worthy  of  note  that  there  is  a  similarity 
between  this  rock  and  the  arkose  with  agglomeratic  affinities  from  Mt. 
Yagahong,  especially  in  the  apparent  sedimentary  structure  and  the 
nature  of  the  enclosed  fragments. 

(c)  A  black  very  fine-grained  flinty  rock  [3^5]  obtained  from  a 
hill  about  a  mile  east  of  Camp  55.  The  structure  and  composition  of 
this  are  obscured  by  a  fine  black,  probably  graphitic  dust,  and  by  a  large 
development  of  brown-yellow  biotitic  or  chloritie  scales  which  are  drawn 
out  in  strings  as  if  by  shearing.  The  rock,  however,  being  apparently 
fragmental,  is  interpreted  as  a  black  graphitic  and  biotitic  agglomerate. 

(ii.)  The  Sedimentary  Bocks  fall  into  two  groups,  the  Normal  Sedi- 
ments and  the  Metamorphie  Sediments. 

The  Normal  Sediments,  which  comprise  the  Townsend  Bange  series, 
consist  of: — 

(a)  Grits  of  various  kinds,  some  of  them  much  weathered  sericitic 
quartz- felspar  grits  with  enclosed  rock  fragments;  others  chloritie  cal- 
careous grits  with  the  sedimentary  character  indistinct,  and  with  the 
carbonate  in  process  of  alteration  from  a  granular  to  a  crystalline  con- 
dition; others  again,  dull,  grey-green,  slightly  sheared,  earthy  and  chlo- 
ritie and  little  different  from  greywackes;  and  finally,  normal  greenish 
quartz-felspar  grits. 

(b)  Fine-grained   pinkish  compact   granular   quartzites. 

(c)  Conglomerates  such  as  [xrWl*  "^^ich  are  of  dark-grey  colour, 
consist  of  rounded  black  fragments  of  large  and  small  size  sometimes 
porphjrritic  and  identical  with  the  Warburton  quartz  porphyries,  en- 
closed in  a  fine-grained,  dark-grey,  siliceous  matrix,  which  is  made  up  of 
round  quartz  and  felspar  forms  themselves  cemented  together  by  a  fine- 
grained quartz  or  quartz-felspar  mosaic. 

(d)  Bocks  best  described  as  volcanic  conglomerates,  of  which  [t?^"! 
is  typical.  These  are  medium-textured  fragmental  rocks  composed  of 
liver-brown,  blackish  and  greenish  rounded  and  angular  fragments  in 
a  cement  that  is  generally  fine-grained  and  greyish,  but  sometimes 
calcareous.  The  rocks  resemble  in  outward  appearance  many  "pud- 
dingstone''  conglomerates.  In  section,  the  fragments  comprise  quartz 
porphyry,  chloritised  glassy  forms,  dense  black  andesitic  forms,  and 
various  volcanic  facies  of  andesitic  or  basaltic  character.  The  matrix 
is  not  a  true  sedimentary  one.  It  is  extremely  sparsely  developed,  and 
consists  in  part  of  nearly  isotropic  glassy  material  sometimes  with  in- 
distinct flow  lines,  and  in  part  of  platy  calcite  and  chlorite. 

The  rocks  undoubtedly  have  close  affinities  with  tuffs,  especially 
in  the  character  of  the  matrix,  and,  for  this  reason,  should  perhaps  be 
described  amongst  the  volcanic  rocks,  but,  since  most  of  the  frag- 
ments are  rounded,  and  since  the  rocks  are  intimately  associated  with 
the  true  sediments  of  the  Townsend  Bange  series,  they  have  been  in- 
eluded  in  the  same  division  as  the  latter. 

The  metamorphie  sediments  are  represented  only  by  a  very  few 
specimens  amongst  the  rocks  examined,  and  their  identity  is  somewhat 
doubtful.  Included  in  the  group  are  a  white  quartzite  with  indistinct 
slaty  cleavage  and  a  development  of  a  cream-coloured  or  pale-reddish 
aluminous  mineral  doubtfully  referred  to  andalusite;  and  a  fine-grained 
yellowish-white  intensely  sheared  micaceous  (muscovite)  schist,  which 
may  have  been  either  a  granular  aplite  or  a  felspathic  quartzite. 

II.— COBEELATION  OF   THE  BOCKS  WITH   THOSE  FBOM 
OTHEB  LOCALITIES  IN  CENTBAL  AUSTBALIA. 
Owing  largely  to  the  extreme  inaccessibility  of  Central  Australia, 
little  work  has  hitherto  been  done  towards  throwing  light  on  the  geologi- 
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cal  and  petrological  character  of  the  region.  Even  what  has  been 
carried  out  consists  chiefly  of  general  accounts  of  expeditions  the 
labours  of  which  were  necessarily  circuniscribe<l  by  the  exigencies  of 
time,  money,  and  the  seasons,  and  in  particular  by  the  all-important 
question  of  water.  Consequently,  no  opportunity  has  so  far  been 
afforded  of  uodertaking  any  detailed  geological  survey  over  any  area. 
Certainly,  in  a  few  cises,  accurate  identifications  and  descriptions  have 
been  made  of  sj)ecimens  collected,  but  the  ralue  of  these  is  discounted 
by  the  fact  that  in  all  but  rare  instances,  the  important  question  of 
the  field  relationships  of  the  rocks  has  perforce  been  neglected. 

Nevertheless,  a  perusal  of  the  various  publications  hitherto  issudl 
relating  to  the  geology  of  the  region,  especially  in  the  light  of  the  re- 
sults of  investigation  of  the  petrology  of  the  area  traversed  by  Messre. 
Talbot  and  Clarke's  expedition  to  the  South  Australian  border,  shows 
that  there  is  enough  information  at  hand  to  allow  of  a  general  corre- 
lation of  the  rocks  of  the  most  of  the  important  features,  and  hence 
to  arrive  at  some  idea  of  the  general  geological  constitution  of  Central 
Australia. 

The  chief  publications  (with  their  authors)  relating  to  the  region, 
that  need  be  considered  here,  are: — • 

1.  The  Horn  Ex{)edition  to  Central  Australia,  published  1896. 
Geology  by  Professor  Ralph  Tate  and  Mr.  J.  A.  Watt,  and  Petro- 
logy by  Mr.  J.  Smith  and  Mr.  J.  A.  Watt. 

Included  in  this  is  a  complete  bibliography  of  articles  dealing  with 
Central  Australia,  from  1863  to  1894. 

2.  The  Country  between  the  Everard  Banges  and  Barrow 
Ringe,  and  between  the  Barrow  Range  across  the  Victoria  Desert 
to  the  Eraser  Range;  by  Victor  Streich.  Trans.  Royal  Soc.. 
S.A.,  Vol.  xvi.,   1892-1896,  page  75,  et  seq. 

Included  in  this  are  Supplementary  Notes  on  Streich 's  collection 
by  }*rof.  A.  W.  Stelzner,  of  FVeiberg. 

3.  Rock-specimens  from  Central  and  Western  Australia,  col- 
lected by  the  Elder  Scientific  Exploring  Expedition  of  18911892, 
i.e.,  by  the  Exjiedition  of  Streich;  by  J.  A.  Thomson.  Trans.  Royal 
Soc,  *N.S.W.,  1910. 

4.  Geological  Report  on  the  Country  traversed  by  the  South 
Australian  Government  North- West  Prospecting  Expedition  of  1903; 
by  H.  Basedow.     Trans.  Royal  Soc.  of  S.A.,  Vol.  xix.,  1905,  page 
57,  et  seq. 

5.  The  Geology  and  Prospects  of  the  Region  to  the  South  of 
the  Musgrave  Ranges:  by  R.  L.  Jack.   Geol.  Survey  of  8.A.,  Bulletin 

5,  1915. 

The  following  is  a  brief  resume  of  the  chief  observations  of  the 

various  authors:  — 

V.  Streich: 

The  hills  to  the  cast  and  south-east  of  the  Everard  Ranges*  consist 
cliicfly  of  quartzites  and  sandstones. 

Two  small  outcrops  of  primary  rocks  occur  ten  miles  east  of  Bar- 
row Range  as  isolated  hills  of  granulite.  He  considers  this  granulite  as 
part  of  the  formation  of  the  Townsend  Ridges. 

The  Everard  and  Hirksgate  Ranges  consist  almost  entirely  of  erup- 
tive granite. 

The  granite  is  frequently  intersected  by  dioritic  dykes,  which  pre- 
vail in  the  country  between  Mt.  Gosse  and  the  Barrow  Range,  and  in  the 
Cjivenagh  Range  the  hornblendic  eruptive  rocks  reach  their  maximum 
development,   as   these   hills   are   entirely   composed   of   them.      In  the 

•These  nnd  most  other  places  not  in  the  Warburton  Area  will  be  fonnd  in  the 
frontispiece. 
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Cavenagh  'Range,  oceurs  a  diorite  which,  in  spite  of  a  striated  appear* 
ance,  he  considers  an  eruptive.  He  has  also  found  of  less  frequent 
occurrence  and  not  largely  developed,  diabase  intersecting  granite  and 
diorite,  eurite  in  granite,  a  syenite  at  Skirmish  Hill  and  Mount  Squires, 
and  porphyrites  also  at  Skirmish  Hill. 

Stelzner,  after  examination  of  some  of  the  rocks,  notes  that 
Streieh's  diorite  occurring  in  masses  west  of  the  Everard  Range  is  a 
quartzose  diabase,  and  that  various  other  diorites  are  olivine  diabases. 
He  also  identifies  a  felsite  porphyry  from  Skirmish  Hill  and  Mount 
Squires,  and  a  granulite  resembling  the  Saxon  granulites  from  10  miles 
east  of  the  Barrow  Range. 


J.  A.  Thomson: 

All  specimens  examined  by  this  writer  came  from  localities  be- 
tween the  Barrow  Range  and  the  Everard  Range.  The  chief  rocks  he 
mentions  are:  — 

A  norite  with  marked  fluxion  banding  from  the  Fraser's  Range 

(in  Western  Australia). 

A  hornblende  granite,  probably  belonging  to  the  gneiss  series 

with    abundant   orthoclase,    from    the   northern   part   of   the   Blyth 

Range. 

A  rock  from  east  of  the  Barrow  Range  resembling  some  of  tha 
brown  jasper  bars  of  the  Western  Australian  Goldfields,  of  which  he 
states  that  in  some  particulars  the  structure  suggests  a  clastic  origin, 
but,  on  the  other  hand,  the  rearly  constant  orientation  of  an  unnamed 
mineral  and  an  alternation  of  bands  of  clear  mosaic  with  other  bands 
containing  magnetite  and  limonite,  strongly  point  to  a  parallel  struc- 
ture developed  in  situ.  It  is  reasonable  to  suppose  the  rock  is  a  mem- 
ber of  the  gneissose  series. 

A  rock  from  the  Cavenagh  Range,  resembling  the  rocks  of  the 
auriferous  area  of  Western  Australia.  It  is  a  light-green  fine-grained 
amphibolite. 

An  augite-lamprophyre  from  the  Cavenagh  Range. 

Ten  other  rocks  forming  a  distinct  and  related  series  largely  form 
the  Cavenagh  Range.  These  are  quartz-dolerite  and  olivine-norites  with 
enstatite-augite. 


Prof.  Tate,  Mr,  J.  A.  Watt,  and  Mr.  J.  Smeeth: 

The  observation  of  these  writers  embraced  the  Macdonnell  Range, 
the  James,  Waterhouse,  George  Gill  and  Levi  Ranges,  Ay  era  Rock  and 

Mount  Olga. 

They  divide  the  Pre-Cambrian,  i.e.,  those  rocks  overlain  unconform- 
ably  by  the  true  sediments  of  the  Ordovician,  into  three  groups:—* 

1.  Those  of  evident  sedimentary  origin. 

2.  Those  about  whose  origin  there  is  considerable  doubt,  in- 
cluding a  great  part  of  the  gneiss. 

3.  Those  that  are  cleirly  of  eruptive  origin. 

The  few  rocks  belonging  to  group  1,  since  they  scarcely  concern 
the  purpose  in  hand,  may  b(*  left  out  of  consi^leration. 

Among  the  rocks  of  group  2,  they  mention  a  very  typical  variety 
of  gneiss  occurring  in  the  Macdonnell  Range.  This  is  strongly  foliated, 
but  the  folia  are  not  very  persistent.  The  folia  which  consist  of  quartzj 
felspar  and  a  few  grains  of  biotite,  are  separated  from  each  other  by 
thick  layers  of  biotite. 

There  are  specimens  of  another  gneiss  which  extends  over  a  large 
area  of  the  Macdonnell  Range,  and  in  which  the  quartz  and  felspar  are 
not  distinctly  marked  off  into  folia,  and  seem  to  be  much  crushed. 
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Another  specimen  from  the  Belt  Bange  which  rises  abniptiy  out 
of  the  elevated  area  of  the  Macdonnell  Ba^e,  is  a  gneiss  with  eyes  of 
microcline  embedded  in  a  crushed  mass  of  felspar,  quartz,  and  a  small 
amount  of  mica. 

Amon&r  the  rocks  of  Group  3,  is  a  granite  (the  Oolgama  granite 
from  the  Hunt  Bange,  which  is  an  easterly  extension  of  the  Kaedon' 
nell  Bange),  in  which  all  the  constituents,  quartz,  felspar,  and  mica  are 
developed  on  an  enormouslj  large  scale.  The  felspar  is  in  part  micro- 
dine  and  in  part  a  soda  plagioclase. 

Included  in  this  group  is  a  gneissic  granite  from  the  Maedonnall 
Bange.  According  to  the  writers,  there  is  no  doubt  it  is  a  granite  which 
has  undergone  a  certain  amount  of  crushing,  but  not  enough  to  make 
its  origin  a  matter  of  doubt.  It  consists  chiefly  of  microcline  and  quartz, 
often  inter  crystallised  as  in  graphic  granite.  The  rock,  in  hand  speci- 
mens, does  not  appear  to  be  foliated,  whereas  in  the  field  a  coarse- 
banded  foliation  was  observed. 

A  similar  gneissoid  granite  with  large  porphyritic  microcline  cry- 
stals was  observed  from  Alice  Springs,  which  are  also  in  the  area  of 
the  Macdonnell  Bange. 

From  the  Oolgarna  Claim,  a  granulitic  pyroxene  diorite  with  much 
hypersthene  and  u  rail  tic  hornblende  was  obtained. 

In  the  neighbourhood  of  Ellery  Creek,  which  rises  on  the  north- 
em  edge  of  the  Macdonnell  Bange,  there  are  a  large  number  of  dykes 
of  basic  rocks  intruded  amongst  the  gneisses,  etc.  'Hiese  dykes  are 
chiefly  olivine  dolerites,  olivine-dolerite  with  hypersthene  (olivine- 
norite),  amphibolised  diabaaic  dolerite,  fresh  diorite,  gabbro,  and  fine- 
grained dolerite. 

Amphibolite  was  found  at  Claraville  in  the  East  Macdonnell 
Banges,  and  uralitic  amphibolite  near  the  head  of  Ellery  Creek,  also 
in  these  ranges. 

A  microclfiie  granitic  arkose  forms  the  whole  of  Ayers  Roek, 
north  of  the  Musgrave  Banges. 

Finally,  in  pebbles  in  the  conglomerate  of  Mount  Olga  are  speci- 
mens of  a  beautiful,  fine-grained,  micro-pegmatite  consisting  almost 
wholly  of  intergrowths  of  quartz  and  felspar. 


H.  Basedow, 

The  writer  describes  the  Musgrave  Banges,  the  Mann  Banges, 
Mount  Gosse,  the  Tomkinson  Banges,  Everard  Banges,  Ayers  Banges, 
and  the  Indulkana  Outcrop. 

In  the  Musgrave  Banges  the  intrusive  rocks  vary  from  highly 
acidic  to  basic,  the  differences,  however,  between  members  of  one  and 
the  same  family  being  slight.  The  acid  rocks  are  principally  granitic 
the  greater  bulk  consisting  of  a  rather  coarse-grained  porphyritic 
variety  with  large  corroded  crystals  of  a  bluish  felspar  (orthoclase). 
On  the  eastern  borders  of  the  Bange  gneisses  predominate. 

Diorite  dj'kes  are  very  plentiful.     Dolerite  dykes  are  less  common. 

The  metamorphic  rocks  show  a  gradation  from  a  compact  gneiss 
through  quartzite,  quartz  schist,  and  schists  of  various  kinds  (mica, 
chlorite,  epidote,  garnet  with  numerous  perfect  crystals  of  garnet  in 
a  dark   quartzitic   schistose   matrix). 

An  outlier  of  the  Musgrave  Banges — Mt.  Caroline — is  composed 
of  biotite  granite  with  a  slight  tendency  to  foliation  on  the  part  of  the 
mica.  Large  porphyritic  corroded  crystals  of  orthoclase  predominate, 
the  quartz  being  subordinate  to  the  felspar.  The  rock  is  cut  by  a 
diorite  dyke  that  runs  as  a  black  wall  the  entire  height  of  the  Mount. 

In  the  Mann  Banges,  the  axis  is  in  the  same  straight  line  as  the 
axis  of  the  Musgrave  Banges. 
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The  igneous  rocks  consist  chiefly  of  intrusions  of  granite  forming 
the  backbone  of  the  Kanges.  Those  disappear  on  the  east  under  superin- 
cumbent gneisses.  In  places,  the  granite  has  been  greatly  shattered 
during  solidification. 

The  metamorphic  rocks  consist  of  crystalline  schists  and  gneisses 
extensively  developed  on  the  eastern  end  of  the  chain.  The  structure 
of  the  Range  ia  a  central  core  of  granite  intrusion,  which  has  thrown 
the  overlying  beds  into  a  series  of  single  folds.  An  anticlinal  directly 
conforms  with  the  surface  of  the  eruptive  and  consists  of  blue  gameti- 
ferous  schist  and  gneiss. 

At  the  north  end  of  the  Banges,  the  country  consists  of  compact 
gneiss  with  large  bluish  orthoclase  crystals  and  folia  of  biotite,  in- 
truded by  diorite  dykes. 

Mount  Gosse  is  composed  of  an  intrusion  of  granite  within  schistose 
to  granitic  gneiss,  and  traversed  by  diorite  dykes. 

In  the  Tomkinson  Ranges,  the  dominant  features  are  similar  to 
those  of  the  Mann  and  Musgrave  Ranges,  t.e.,  igneous  intrusions  within 
crystalline  gneisses.  The  intrusive  rock,  however,  consists  largely  of 
gabbro  accompanied  by  diorite  dykes. 

The  Mount  Davies  chain  includes  a  large  intrusion  of  granular 
olivine-gabbro  from  dirty-green  to  faint-blue  in  colour. 

The  metamorphic  rocks  consist  of  gneisses,  which  in  the  north  are 
of  granitoid  and  foliated  character,  and  in  places  gametiferous. 

North  of  Mount  Davis,  are  outcrops  of  hypersthene-bearing  granu-' 
lite,  compact  and  granular  with  little  or  no  evidence  of  foliation  on 
freshly  fractured  surfaces,  though  it  is  apparent  on  weathered  faces. 
The  rock  has  a  peculiar  olive-green,  waxy  appearance. 

In  the  Everard  Ranges,  the  igneous  rocks  consist  of  true  granitic 
intrusions  often  with  large  porphyritic  felspars,  penetrating  granitic 
gneiss.  The  granite  at  the  borders  of  the  intrusions  has  assumed  a 
gneissic  character,  produced  by  movement  of  the  rock  after  partial 
crystallisation.    Diorite  and  pegmatite  dykes  occur. 

The  metamorphic  rocks  are  granitic  gneiss  with  a  foliation  ren- 
dered conspicuous  by  planes  of  dark-coloured  biotite. 

In  the  Ayers  Ranges,  the  peaks  are  determined  by  intrusions  of 
igneous  rocks,  in  some  cases  granite,  in  others  diorite  dykes.  Between 
the  peaks  there  are  disconnected  rounded  hills  of  metamorphic  rock 
rising  from  a  vast  expanse  of  sand. 

The  igneous  rocks  are  chiefly  coarsely  crystalline,  sometimes  por- 
phyritic granite.  About  15  miles  south  of  Mount  Cavenagh,  there  is  a 
highly  felspathic  granite  with  light-red  orthoclase.  Diorite  intrusions 
are  exceedingly  plentiful. 

In  the  Indulkana  outcrop,  there  are  graphic  granite,  pegmatite  and 
greisen  and  diorite  dykes  which  cut  the  pegmatite.  True  granite  is 
feebly  represented  by  a  coarsely  crystalline  rock  with  pink  crystals  of 
orthoclase,  rather  subordinate  bluish  quartz,  and  a  greenish  biotite. 

Basedow  has  also  given  petrologieal  descriptions  of  some  of  the 
rocks  collected  on  his  expedition.     These  include: 

Granite  from  the  Mann  Ranges.  This  is  a  porphyritic  granite,  with 
large  porphyritic  felspars  of  dark-grey,  greasy  appearance.  Biotite  is 
surrounded  by  a  broad  band  of  closely  set  pink  garnets.  The  felspar  is 
a  potash  variety,  and  there  are  frequent  micrographic  intergrowths  of 

quartz  and  felspar.  ^^,    .      .    .,      ^4.. 

Granite  from  Mt.  Sir  Henry,  Ayers  Range.  This  is  similar  to  the 
above,  but  contains  no  garnets,  and  there  is  a  finely-twinned  plagioclase 

as  well  as  orthoclase.  „, .    .        ^      v,     ^ 

Granite  from  the  Musgrave  Ranges.  This  is  a  hornblende-granite 
with  both  orthoclase  and  microcline  and  biotite,  and  with  pink  fractured 
garnets  near  the  biotite. 
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Graiiite  from  the  Eveirard  Hanges.  This  is  a  pink  granite,  coarsely 
crystalline,  with  prominent  pink  orthoclase,  dark-coloured  mica  and 
frequent  micrographic  intergrowths. 

Gneiss  from  the  Mann  Ranges,  south-west  of  Mount  Samuel.  This 
is  a  compact  granitic  rock  with  a  tendency  to  foliation.  The  felspar  is 
chiefly  orthoclase  and  microcline,  and  there  is  a  little  micrographic  in- 
tergro^th. 

Olivine  gabbro  from  Mount  Davis. 

Quartzite  from  Mount  Chandler.  This  is  a  highly  compact,  fine- 
grained, white,  siliceous  quartzite  breaking  with  a  splintery  fracture. 

K,  L.  Jack: 

This  writer,  who  gives  an  account  of  the  region  to  the  south  of  the 
Musgrave  Ranges  in  North-Western  South  Australia,  states  that  the 
Pre-Cambrian  rocks — which  alone  concern  the  present  purpose — may  l>e 
divided  into  three  sections,  the  oldest  complex  of  sedimentary  and  ig- 
neous rocks,  the  newer  or  Everard  Range  invading  granite,  and  the  ex- 
tensive development  of  basic  dykes  which  penetrate  the  rocks  of  both 
the  earlier  groups,  but  do  not  penetrate  the  Cambrian  and  Ordovician 
sedimentary  formations.  The  first  sections  consist  of  gneiss,  some  granite 
mica  schist  and  quartzite;  and  the  gneiss  appears  to  be  derived  in  part 
from  sedimentary  rocks,  in  part  from  igneous  rocks. 

Felspathised  rocks  make  up  by  far  the  greater  bulk  of  the  oldest 
terrain,  and  they  range  in  character  from  felspathic  schists-  through 
gneiss  to  typical  granites.  The  latter,  however,  show  more  evidence  of 
strain  than  is  apparent  in  the  later  or  Everard  Range  type  of  granite. 

A  considerable  quantity  of  rhyolitic  debris  was  found  in  Tietkens 
Birthday  Creek  on  the  eastern  side  of  the  Musgrave  Ranges.  It  is  fine- 
grained and  contains  felspar  phenocrysts  and  fairly  well-marked  fiow 
structure.  In  thin  sections,  the  flow  is  extremely  pronounced  and  many 
of  the  phenocrysts  of  felspar  exhibit  signs  of  strain. 

Further,  a  sharply  angular  fragment  of  felspar  porphyry  was  found 
18  miles  north-west  of  Mt.  Illbillie  in  the  Everard  Ranges,  near  a  large 
gabbro  dyke.  The  ground-mass  of  the  porphyry  is  dark-coloured  and 
fine-grained,  and  surrounds  fairly  abundant  felspar  phenocrysts..  While 
it  is  improbable  from  its  shape  that  the  specimen  could  have  travelled 
far,  no  occurrence  of  the  rock  in  situ  could-  be  found. 

The  basic  dykes  have  a  strike  or  trend  about  east  and  west.  They 
range  in  size  up  to  one  or  two  hundred  feet  in  thickness,  and  one  wa>^ 
traced  for  six  miles.     The  chief  types  of  these  found  were: — 

Biotite  gabbro,  from  Mt.  Ferdinand  on  the  south-east  end  of  the 
Musgrave  Ranges. 

Hornblende  gabbro,  from  north  of  Moorilyanna  Hill,  which  is  sooth 
of  Avers  Range.  This  rock  contains  violet  augite  and  light-green  horn- 
blende. 

Gabbro  Amphibolite  with  augite  largely  amphibolised,  from  Indul- 
kana  Creek,  just  north-west  of  Mt.  Chandler. 

■  Olivine-mioa-gabbro,  from  north  of  Mt.  Illbillie  in  the  Everard 
Ranges. 

Ophitic  olivine-mica  dolerite,  from  Mt.  Carmeena,  near  Mt  111- 
biilie. 

Ophitic  olivine  dolerite,  from  seven  miles  north-west  of  Healy 
Sprinjrs,  which   are  noith-west   of   Mt.   Chandler. 

Fine-grained  dolerite  of  basaltic  type  south-east  of  Mount  Fer- 
dinand, and  in  the  Musgrave  Ranges. 
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After  a  consideration  of  the  foregoing  resumS  and  a  comparison  of 
the  features  with  those  of  the  petrology  of  the  Warburton  District,  the 
facts  and  conclusions  which  may  be  drawn  are  as  follows:  — 

The  Musgrave,  Everard,  Birksgate,  Mann,  Blyth,  and  Ayers  Ranges 
and  the  Tndulkana  Outcrop  consist  of  granite  which  is  held  to  be  in- 
trusive into  crystalline  rocks  that,  though  sometimes  quartz  schist,  gar- 
netiferous  schist,  chlorite,  mica  and  epidote  schist,  are  in  most  cases 
granitic  gneiss  frequently  containing  garnets.  The  Macdonnell  Banges 
consist  of  microcline  gneiss  and  giieissic  granite. 

With  the  exception  of  the  cases  of  the  Everard  Range  and  of  the 
Indulkana  Outcrop,  the  granite  intrusions  show  a  remarkable  similarity 
both  in  outward  appearance  and  in  mineral  composition  and  structure. 
The  granite  from  the  Musgrave  Range  is  a  hornblende  granite  with  or- 
thoclase,  microcline  and  biotite  and  with  pink  garnets  associated  with 
the  mica.  The  granite  of  the  Mann  Ranges  is  a  porphjrritic  granite  with 
large  porphyritic  felspars  of  dark-grey,  greasy  appearance,  with  biotite 
surrounded  by  pink  garnet,  and  with  frequent  micrographic  inter- 
growths.  The  granite  of  Ayers  Range  is  a  coarsely  crystalline  porphy- 
ritic type.  The  rock  of  the  Blyth  Range  is  a  hornblende-granite  of  the 
gneiss  series  with  abundant  orthoclase.  Moreover,  the  chief  rock  of  the 
Macdonnell  Range  is  in  part  a  granite  (Oolgama  Granite  from  the  Hunt 
Rau«re>  in  which  all  the  constituents — quartz,  microcline,  and  biotite— 
are  extremely  coarse,  in  part  a  microcline  gneiss  with  ' '  eyes  ^ '  of  micro- 
cline, and  in  part  gneissic  granite.  The  latter,  too,  which  is  undoubtedly 
of  igneous  origin,  consists  chiefly  of  microcline  and  quartz,  and  though 
the  roi'k  in  the  hand  specimen  does  not  appear  to  be  foliated,  in  the  field 
a   coarse-banded  foliation  is  to  be  observed. 

After  a  comparison  of  these  granites  therefore,  with  each  other  and 
with  those,  especially,  from  Mount  Gosse,  and  account  being  taken  of 
the  remarkable  uniformity  in  strike  of  the  Ranges  mentioned,  there  is 
no  room  for  doubt  that  the  granites  of  which  these  ranges  are  mainly 
composed  are  both  in  origin  and  in  age  essentially  the  same  rock;  that 
this  rock  is  a  greyish,  coarse-grained,  biotite  microcline  granite,  with  or 
without  granular  garnet,  with  or  without  hornblende,  and  with  or  with- 
out a  gneipsose  structure;  and  that  the  differences  observed  in  it  are 
merely  local  or  such  as  are  to  be  expected  in  a  rock-mass  outcropping 
at  intervals  over  hundreds  of  miles  of  countrv. 

In  the  case  of  the  Everard  Ranges  and  the  Indulkana  Outcrop,  the 
granite  is  a  coarse-grained  pink  variety  with  prominent  pink  orthoolase 
cryptals.  From  the  description  of  the  rock,  there  is  little  doubt  tha^it 
is' identical  with  the  Pink  Granite  of  the  Warburton  Range  and  it« 
neighbourhood. 

In  regard  to  the  gneisses  into  which  the  granites  are  held  to  be  in- ' 
tmsive,  there  are  some  facts  of  significance.  In  the  Everard  Ranges, 
the  gneisses  are  foliated,  but  the  intruding  granite  is  also  said  to  be  fol- 
iated on  the  margins.  In  the  Mann  Ranges,  the  gneiss  is  a  compact  gran- 
itic rock  with  a  tendency  to  foliation,  with  predominant  orthoclase  and 
with  micrographic  intergrowths ;  and  in  these  ranges,  also,  gneisses  on 
the  eastern  flanks  include  a  blue  gametiferous  schist.  In  the  Tomkin- 
8on  Ranges,  though  the  intruding  rock  is  not  granite  but  gabbro,  the 
gneiFses  or  crystalline  schists  are  granitoid,  foliated  and  in  places  gar- 
netiferous.  Now,  since  gametiferous  schists  and  gametiferous  granitoid 
rocks  and  granulites  have  been  described  from  Cohn  Hill  and  Mount 
Aloysius,  since  the  rock  from  Cohn  Hill  is  a  bluish-black  gametiferous 
schist  which  from  the  description  given  of  the  schist  from  the  Mann 
Range  may  be  identical  with  the  latter,  and  since  these  rocks  appear  to 
have  been  derived  by  intense  crashing  rather  from  the  plutonic,  igneous, 
coarpe,  e;rej  granites  than  from  sedimentary  rocks,  there  is  good  reason 
for  believing  that  the  so-ealled  superincumbent  or  intruded  gneisses  are 
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really  more  highly  crushed  portions  of  the  apparently  intruding  granite. 
The  strongly  gneissic  character  of  much  of  the  granite  of  the  Macdon- 
nell  Kange,  which  is,  indeed,  in  places  a  crushed  microcline  augen-gneiss, 
tends  further  to  support  this  belief. 

Streich,  from  his  examination  of  a  section  at  Turban  Hill  near  the 
Birksgate  Range,  came  to  the  conclusion  that  the  granites  were  the  re- 
sult of  metamorphism  of  sediments.     He  states: — 

*  *  The  basHl  part  of  the  section  consists  of  a  metamorphic  granite, 
the  upper  part  of  a  quartzite,  whilst  the  intermediate  beds  Fhow 
a  passage  from  one  to  the  other.     The  succession  from  below  up- 
wards is  as  follows:      granite  containing  quartz-pebbles,  a  silieo- 
felspathic   magma   changing   into   quartzite,    ferruginous   quartzite, 
white-coloured  quartzite. ' ' 
Through  the  kindness  of  Mr.  L.  Glauert,  of  the  Perth  Museum,  the  pre- 
sent writer  was  enabled  to  obtain  for  examination  a  portion  (27B)  of 
one  of  the  strata  above  the  granite*  at  Turban  Hill  from  Streich  *8  dupli- 
cate collection.     This  stratum  is  a  pinkish-white,  medium -grained  gran- 
itic rock  with  somewhat  rounded  grains  of  quartz  visible  to  the  nake<l 
eye.     Microscopically,  it  proves  beyond   doubt  to  be  a  rather  coarse- 
grained arkose,  formed  from  the  debris  of  a  granite.     As  it  is  in  the 
highest  degree  probable  that  the  other  strata  are  but  varieties  (some 
quartzose,  some  felspathic)    of  this  arkose,   from   Streich 's  own  speci- 
mens there  does  not  appear  to  be  any  evidence  of  the  metamorphism  he 
holds  to  have  taken  place. 

In  the  matter  of  the  age  of  the  granites.  Jack  distinctly  regard*? 
the  Pink  Granite  of  the  Everard  Range  as  of  later  origin  than  the  Pre- 
Cambrian  granites — presumably  the  coarse-grained  grey  granites,  but 
beyond  the  fact  that,  according  to  him,  the  Everard  granite  shows  less 
evidence  of  strain  than  the  older  type,  there  is  apparently  no  publisheil 
evidence  for  the  view.  The  question  is  of  interest  in  the  Warburton 
Area  where  there  is  a  considerable  development  of  both  the  pink  anil 
— east  of  Cohn  Hill — the  grey  varieties,  and  where  from  the  remarkable 
similarity  between  them,  they  have  been  regarded  as  genetically  con- 
nected. As  already  remarked,  there  is  evidence  for  the  existence  of 
porphyry  dykes  very  similar  to  those  of  the  Warburton  Area,  both  in 
the  Everard  Range  and  at  Tietkens  Birthday  Creek  to  the  north  of  it, 
and  this  close  aFsociation  of  the  pink  granite  and  the  acid  porphyry 
dykes  wherever  found  may,  if  the  relative  age  of  the  dykes  is  borne 
in  mind,  be  lijold  to  indicate  not  only  a  genetic  connection  between  them, 
but  a  later  origin  of  the  pink  than  the  grey  granite. 

The  Cavenagh  Range,  and  the  Blackstone  Range  are  apparently 
composed  of  basic  plutonic  igneous  rocks  of  dolerite  and  olivine-norite 
type.  The  Mount  Davies  chain  also  includes  a  large  intrusion  of  granu 
lar  olivine-gabbro,  which  is  obviously  similar  to  the  rocks  of  the  three 
ranges  just  mentioned.  A  peculiar  and  important  character  of  the 
rocks  of  these  ranges  is  the  presence  in  them  of  enstatite-augite. 

The  Barrow  Range  consists  chiefly  of  the  acid  igneous  micro- 
pegmatite,  and  Skirmish  Hill,  some  distance  to  the  east,  is  composed  of 
the  foJsitic  quartz-porphyry  so  strongly  developed  in  the  Warburton 
Range. 

Everywhere  intrusive  into  the  granite  and  gneisses,  from  the  War 
burton  Range  to  the  eastern  extensions  of  the  Macdonnell  Range,  and, 
south  of  the  latter,  to  Avers  Range  and  the  Indulkana  outcrop,  are 
nuinoro'is  bas^ic  dykes  which  show  remarkably  similar  characters  in  the 
diflFeront  localities.  Despite  their  number,  they  are  all  reducible  to  a 
few  types,  viz.,  diorite,  amphibolite,  amphibolised  dolerite,  hornblende 
and  mica  gabbro,  dolerite,  quartz  dolerite,  olivine  dolerite  and  oli^^ne 
norite.  The  most  recent  investigations  of  their  nature  have  resulted 
only  in  the  identification  of  a  few  additional  types,  such  as  the  scapo- 
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lite-ampMbolite  (regarding  the  mode  of  occurrence  of  which  there-  is 
doubt,  see  p.  98),  and  the  aiigite-caniptonite,  described  by  Thomson, 
from  the  Cavenagh  Range. 

A  hypersthene-granulite  has  been  found  by  Basedow  in  the  Tom- 
kinson  Ranges,  north  of  Mount  Davis.  From  the  description  of  the 
rock,  it  is  identical  with  the  garnetiferous  hypersthene  granulite  from 
Cohn  Hill.  Moreover,  as  already  stated,  the  bluish  garnetiferous  schists 
of  the  Mann  Ranges  are  possibly  also  identical  with  this  granulite. 

Prom  Streich's  statement  that  two  small  outcrops  of  primary  rocks 
occur  ten  miles  east  of  Barrow  Range  as  isolated  hills  of  granulite,  it 
is  evident  that  he  had  discovered  the  granulites  of  Cohn  Hill.  His 
view,  however,  that  they  are  part  of  the  formation  of  the  Townsend 
Ridges  is  erroneous,  and  is  probably  due  to  his  confusing  the  foliation 
of  the  granulite  with  the  true  stratification  of  the  sediments  of  the 
Townsend  Ridge  or  Townsend  Range  series. 

The  considerable  quantity  of  rhyolitic  debris  mentioned  by  Jack 
as  being  found  in  Tietkens  Birthday  Creek  is,  from  the  descriptions 
given,  undoubtedly  identical  with  the  felsitic  porphyries  of  the  War- 
burton  Range.  Even  the  **flow''  structure  and  the  evidence  of  dyna- 
mic strain  are  similarly  developed  in  the  rocks  from  both  localities. 

Further,  the  sharply  angular  fragments  of  felspar  porphyry  found 
eighteen  miles  north-west  of  Mount  Illbillie,  is  according  to  the  de- 
scription also  identical  with  the  felspar  porphyries  of  the  Warburton 
Range. 

These  two  occurrences  are  very  interesting,  for,  though  the  rocks 
were  not  foimd  in  situ^  nor  have  acid  porphyry  dykes  actually  been 
seen  east  of  the  South  Australian  border,  the  angular  nature  of  the 
fels=par  porphyry  fragment  from  north  of  Mount  Illbillie  shows  that  it 
cannot  have  travelled  far,  and  that  therefore  these  dykes  must  outcrop 
son:ewhero  in  the  vicinity,  and  are  not  confined  to  the  area  between 
the  Warbuiton  Range  and  Skirmish  Hill. 

The  arbose  collected  by  the  Home  Expedition  from  Ayers  Rock 
is  undoubtedly  very  similar  to  the  granitic  arkose  from  Turban  Hill 
in  the  Birksgate  Range,  which  Streich  regarded  as  a  partially  metamor- 
phosed granite. 

The  pebbles  of  beautiful  micro-pegmatite  found  in  the  conglomerate 
of  Mount  Olga  are  identical  with  the  rock  occurring  in  situ  at  Mount 
Squires.  As  Mount  Olga  consists  apparently  of  conglomerate,  the  occur- 
rent'O  of  pebbles  of  this  peculiar  rock  which  is  known  in  situ  only  in 
the  one  locality,  may  ultimately  prove  to  possess  some  significance 
from,  the  point  of  view  of  the  ancient  geography  of  the  region. 

The  quartzite  from  Mount  Chandler  is  the  same  in  all  respects  as 
that  from  the  Townsend  Ranges. 

The  outstanding  differences  between  the  Warburton  District  and 
the  region  to  the  east  of  it  as  far  as  the  eastern  extension  of  the  Mac- 
"donnell  Range,  are  the  occurrence  in  the  vicinity  of  the  Warburton 
Range  and  to  the  south  and  east  of  it  of  vesicular  dolerites  and  a  con- 
glonicrato  of  volcanic  origin, the  very  large  development  of  folsitic  quartz 
porphyry  dykes,  and  the  (probably)  comparatively  large  developinent 
of  greenstones,  some  of  which  are  similar  to  those  of  the  auriferous 
areas  of  the  Western  Australian  Goldfields.  Evidently,  from  the  pub- 
lished reports,  these  latter  rocks  are  consi)icuously  absent  from  the 
Central  Region,  at  least  as  far  as  the  eastern  portion  of  the  Macdon- 
iiell  Range. 
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III.— CORK  ELATION  OP  THE  ROCKS  WITH  THOSE  FROM  THE 
AURIFEROUS  AREAS  OP  WESTERN  AUSTRALIA. 
Leaving  out  of  account  the  pink  granite  and  the  acid  porphyriea, 
facies  of  which  may  be  represented  at  Niagara  in  the  Kookynie  Dia- 
tnct,  the  only  rocks  which  admit  of  consideration  in  this  connection 
are  the  greenstones.  These  have  been  found  to  occupy  probably  an  area 
of  about  400  square  miles  in  the  vicinity  of  the  Warburton  Range, 
and  to  contain  quartz  reefs.  Though  the  assays  which  have  been  made 
from  specimens  from  these  reefs  showed  only  a  small  content  of  gold 
ranging  from  grains  to  pennyweights  per  ton,  there  is  no  doubt  that 
the  greenstones  are,  in  the  main,  remarkably  similar  to  those  occurring 
in  the  chief  auriferous  areas  of  Western  Australia.  The  following  are 
the  chief  types:  — 

Fine-grained  fibrous  zoisitic  amphibolitQS. 

Medium-grained   dark-green   amphibolites. 

Coarse-grained    greyish-green    epidiorites    or     amphibolites    very 
similar  to  luftre-mottled  amphibolites. 

Fine-grained,   sheared,   chloritised   and  epidotised   epidiorites. 

Pine-grained  dark,  greyish-green  amphibolised  ophitic  doleritea  in 
which  the  augite  has  been  altered  to  fibrous  hornblende. 

Sheared  fibious  chloritic,  epidotic  and  zoisitic  epidiorites. 
Of  these  the  coarse-grained  amphibolites  resembling  the  lustre- 
mottled  rocks  arc  practically  identical  with  the  lustre-mottled  amphi- 
bolites from  Kalgoorlie.  The  fine-grained  altered  epidiorites  and  amphi- 
bolites, and,  in  particular,  the  amphibolised  ophitic  dolerites  and  the 
chloritised  and  zoisitised  uralitic  epidiorites  are  exactly  similar  to  the 
fine-grained  amphibolites  described  in  previous  Bulletins  from  both  Kal- 
goorlie and  Meekatharra. 

It  is  to  be  noted  that  the  fine-grained  amphibolites  of  Kalgoorlie 
and  other  localities  are  not  generally  rayably  auriferous;  but  in  the 
most  important  cases — as  at  Kalgoorlie — they  are  associated  with 
coarser   greenstones   which   carry   the  auriferous  formations. 

Thomson  t  has  described  a  rock  resembling  the  rocks  of  the  aurifer- 
ous areas  of  Western  Australia  from  the  Cavenagh  Range.    He  states:— 

The  rock  is  a  fine-grained  amphibolite  rather  more  felspathic 
than  usual. 

Rocks  very  similar  to  this  are  of  frequent  occurrence  in  the 
goldfields  of  Western  Australia,  e.g.,  Kalgoorlie,  Norseman,  the 
Murchison  Valley,  etc.  They  seem  to  form  the  country  into  which 
large  dykes  of  coarse-grained  basic  rocks,  now  also  amphibolites, 
have  been  intruded,  and  may  therefore  be  termed  the  older  amphi- 
bolites. As  a  rule  these  fine-grained  amphibolites  are  not  conspii'u- 
ously  auriferous,  except  at  the  contact  of  graphite  t  or  quartz  por- 
phyry. The  specimen,  however,  is  of  considerable  importance  in 
showing  that  the  rocks  of  the  known  auriferous  belts  are  found 
as  far  eastwards  as  the  Cavenagh  Range. 

In  connection  with  this  occurrence,  it  should,  however,  be  remarked 
that  the  rock  described  by  Thomson  came  from  a  collection  made  many 
years  before  he  had  the  opportunity  to  examine  it,  and  as  Messrs. 
Talbot  and  Clarke's  observations  on  the  Cavenagh  Range  failed  to 
discover  such  a  rock,  it  is  not  improbable  that  with  the  lapse  of  time 

•    Pink  Kranites  and  pink  gr.inular  porphjries  very  similar  to  those  oocurrijif  ia 
the  Warburton  Area  Lave  been  found  near  Niagara. 
t    Loc.  eit.  ante. 
^    Uninite. 
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some  confusion  has  arisen  as  to  the  exact  locality  from  which  the  speci- 
men described  by  Thomson  actually  came.  On  the  other  hand,  the  rock 
may  be  identical  with  that  described  (fig.  42)  on  page  97,  as  a  thin  dyke 
in  the  gabbro. 

It  is  plain,  then,  so  far  as  present  knowledge  goes,  that  whatever 
interest  may  in  future  be  taken  in  prospecting  in  the  Warburton  Dis- 
trict, it  should  be  confined  to  the  greenstone  area  mapped  in  the  present 
Bulletin. 
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A. — Metamorphosed  Rocks. 

1.    Greenstones. 

[it^?]   a^^oiit  1%  miles  south-west  of  Mt.  Waiigh. 
A  very  fine  grained,  dark  greyish-black  rock  with  small  rounded 
and  large  irregular  patches  of  a  much  lighter  colour. 

S.*  The  dark  portions  of  the  rock  consist  of  a  fine-grained  m^ss 
of  small  green  sometimes  fibrous  prisms  or  ragged  plates  of  green  par- 
tially chloritised  hornblende,  and  small  grains  of  quartz  and  clear  fel- 
spar with  intermixed  grains  and  rods  of  zoisite,  and  some  platy  forms 
that  may  be  pyroxene  or  zoisite,  but  which  are  too  obscure  to  be  made 
out  in  the  section. 

8.*     =   Description  of  Section. 
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Some  undoubted  pale-green  diopside  plates,  however,  do  occur. 

The  lighter  patches  consist  almost  entirely  of  granular  zoisite  with 
granular  quartz  and  felspar  (albite),  but  contain  in  places  greenish 
patches  in  which  the  green  hornblende  fibres  are  also  to  be  seen. 

No  distinct  igneous  structure  is  determinable. 

The  rock  is  interpreted  as  a  fine-grained  fibrous,  z  o  i  s  i  t  i  c 
amphibolite  with  yellowish  patches,  of  which  zoisite  is  the  chief 
coQBtituent  to  the  exclusion  of  hornblende. 

Crrasl    Bhont  half-a-mile  south-west  of  [j^^. 

A  fine-grained,  dull-green  rock,  slightly  porous  in  places,  and 
with  occasional  whitish  or  yellowish  angular  patches  resembling  in- 
clusions.   There  is  a  suggestion  of  shear  structure. 

S.  In  section,  the  rock  is  obscure  both  in  structure  and  origin. 
It  consists  of  numerous  minute  nearly  colourless  grains  and  granular 
aggregates  of  zoisite,  with  very  small  scales  of  greenish-yellow  and 
brownish  chlorite  and  chloritic  biotite  intermixed  with  small  mosaic 
grains  of  quartz  and  felspar,  the  whole  being  nearly  uniformly  granu- 
lar. Some  platy  ealeite  appears  in  some  sections.  The  pale  yellow 
angular  patch  visible  in  hand  specimen  is  seen  to  consist  of  opaque  grey 
zoisite  with  a  comparative  absence  of  chlorite,  but  with  the  small  grains 
of  quartz  and  felspar  as  in  the  surrounding  mass.  Except,  therefore, 
for  the  absence  of  the  greenish  chlorite,  there  is  little  or  no  difference 
between  the  paler  patches  and  the  green  mass,  though  the  yellowish- 
grteu  chloiitic  scales  of  the  latter  strike  at  the  angular  forms,  Bn4 
form  a  brownish  border  to  them. 

There  is  no  defined  structure  in  the  rock,  which  it  is  impossible  to 
name  with  accuracy. 

It  is  a  somewhat  sheared  chloritic  zoisitic  quartz-felspar 
rock,  a  product  of  advanced  alteration  of  some  undeterminable 
type,  possibly  a  fine-grained  dolerite  or  amphibolite. 

[iffVo^l  ^^'®  miles  N.N.E.  of  Camp  45,  but  locality  doubtful  (see 
p.  98). 

A  medium-grained,  dark  green,  hornblende-felspar  rock. 

S.  Consists  ehiefiy  of  hornblende  and  felspar.  The  former  is  in 
large  mostly  irregular  platy  forms  generally  of  a  rather  pale-green 
colour,  but  occasionally  of  a  deeper  green  tint  on  the  margins.  The 
majority  of  the  plates  consist  of  an  aggregate  of  small  scales  as  if 
the  original  plates  were  in  process  of  breaking  down  into  smaller  forms. 
Thflre  is,  rarely,  a  tendency  to  a  fibrous  structure,  and  many  of  the 
plates  are  partially  chloritised.  The  pleochroism  is  in  yellowish  to  deep- 
green  tones. 

The  hornblende  encloses  many  rounded  and  angular  crystals  of 
black  iron  ore,  some  of  which  show  a  very  thin  border  of  a  colourless 
mineral  referred  to  epidote  between  them  and  the  hornblende. 

The  felspar  is  rather  less  common  than  the  hornblende,  and  occurs 
in  fairly  large  plates  and  columns  phowing  both  albite  and  pericline 
lamellation.  The  crystals  are  slightly  kaolinised  and  micacised,  and 
enclose  sometimes  zoisite  and  hornblende  grains,  sometimes  an  unusual 
colourless  mitral.  The  latter  is  in  irregular  small  plates  in  the  felspar, 
in  thin  strings  along  the  cleavage  traces,  or  in  small  granular  aggre- 
gates. It  has  an  index  of  refraction  slightly  above  that  of  quartz,  a 
birefringence  somewhat  greater  than  that  of  quartz,  a  fairly  definite 
cleavage  with  straight  extinction  along  traces,  a  uniaxial  interference 
figure  that  is  negative  in  sign.  The  mineral  in  most  cases  appears  to  be 
replacing  lime-soda  felspar.  From  these  characters  it  is  to  be  referrc.l 
to  scapolite,  which  though  occurring  elsewhere  as  an  alteration  of  the 
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lime-sodn  felspar  of  gabbro  or  amphibolite,  has  not  hitherto  been  noted 
from  Western  Australia.  Some  of  the  felspar  crystals  are  enclosed  by 
hornblende,  or  have  hornblende  moulded  on  them.  There  is  a  consider- 
able development  of  apatite  in  the  rock,  in  rather  long  and  thick  colour- 
less needles. 

The  structure  of  the  rock  is  rather  gabbroid  than  ophitic.  There 
are  deformation  effects  such  as  irregular  extinction  and  lamellation,  and 
banding  of  twinning  planes  in  the  felspar,  and  partial  granulation  of 
both  felspar  and  hornblende. 

The   rock  is  a  coarse-grained   scapolite    amphibolite, 

probably  derived  from  a  gabbro  by  atleration  of  the  augite  to  green 

hornblende. 

[^1^   half-a-mile  south  of  Camp  42. 

A  coarse-grained,  greyish-green  homblendic  rock,  not  unlike  a 
lustre-mottled  amphibolite,  but  much  lighter  in  colour.  There  are 
frequent  large  green  hornblende  crystals,  with  a  tendency  to  lustre- 
mottling. 

S.  Consists  in  places  of  large  ragged  more  or  less  fibrous  (par- 
ticularly at  the  margins)  plates  of  nearly  colourless  hornblende  and 
occasional  fragments  doubtfully  referred  to  original  colourless  augite, 
small  scaly  aggregates  and  patches  of  nearly  isotropic  chlorite,  and 
large  crystals  of  leucoxcnc  derived  from  ilmenite.  In  other  places,  there 
is  a  fine  granular  mass  of  epidote  grains,  zoisite  grains^  chlorite  scaler 
and  patches,  albite  grains  and  quartz  grains.  The  zoisite  and,  in  part 
at  least,  the  epidote  have  been  derived  from  pre-existing  felspar  of 
which,  however,  in  the  section,  few  definite  traces  remain.  The  zoisitie 
granular  mass  occurs  also  between  the  large  ragged  hornblende  plates. 
The  structure  of  the  rock  is  not  distinct,  but  in  places  an  ophitic  re- 
lation is  observed  between  a  large  hornblende  plate  and  a  columnar 
form  that  is  now  largely  composed  of  zoisite  grains. 

Orthopinacoidal  twinning  is  noticeable  in  the  large  hornblendes. 
The  large  plates  are  in  course  of  disintegration,  and  are  often  punctu- 
ated by  nests  of  chlorite  scales. 

Epidote,  zoisite  and  leucoxene  are  strongly  developed. 

The  rock  is  a  coarse-grained  fibrous  highly  zoisitised  and 
epidotised  epidiorite,  doubtless  derived  from  a  coarse- 
grained gabbro. 

["iVs^l  Just  north  of  Mt.  Weir  (one  of  a  suite  of  specimens 
illustrating  various  phases  of  the  Greenstones). 

A  dark-yellowisli-green,  fine-grained,  considerably  sheared  rock, 
the  yellowish  tint  being  due  to  minute  spots  among  green  chlorite. 

S.  Much  decompoFed.  Consists  of  a  dense  mass  of  small  green 
chlorite  flakes  and  numerous  chlorite  scales,  and  aggregates  of  epidote 
aii'l  zoisite  as  well  as  numerous  small  grains  of  these,  with  some  small 
round  quartz  crystals  and  fine  granular  quartz  and  albite  grains.  Only 
rarely  can  any  trace  of  the  original  felspar  be  seen,  and  then  it  is 
too  small  and  altered  for  identification.  From  the  amount  of  zoisitisa- 
tiou  and  epidotisation,  however,  the  species  must  have  been  fairly  basic. 

Original  structure  is  completely  obliterated,  though  results  of  the 
shearing  are  seen  in  the  tendency  to  parallelism  of  the  chlorite  flakes. 

The  rock  is  a  fine-grained,  sheared,  chloritised,  zoisit- 
ised and  epidotised  epidiorite,  much  decomposed. 
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1 16^4  ft]   ^^^^  Miller  Hill. 

A  dense  pistachio-green  mass  of  epidote  needles  and  grains  with 
large  areas  of  irregular  quartz-plates  and  in  some  cases  of  quartz  and 
kaolinised  felspar  plates.  The  reticulation  of  epidote  n^dles  pro- 
duces an  effect  very  similar  to  that  produced  by  the  interlacing  of 
felspar  laths  or  thin  prisms  in  fine-grained  basaltic  dolerites. 

[rc?^l   near  Miller  Hill. 

A  fiBB-grained  rather  dark  grejrish-green  rock  resembling  the 
fine-grained  amphibolite  from  Kalgoorlie. 

S.  Rock  evidently  much  decomposed.  Consists  of  an  indistinct 
loose  plexus  of  long  thin  columns  of  felspar  that  in  places  have  been 
altered  to  a  fine-grained  opaque  granular  mass  of  zoisite  grains,  in 
places  have  been  altered  to  or  have  been  replaced  by  green  chlorite  scales. 
Between  the  columns  are  indistinct  pale  nearly  colourless  fibrous  ragged 
plates  of  hornblende,  that  appear  dusty  and  grey  owing  to  the  associ 
ation  with  them  of  minute  grains  of  zoisite. 

Broadly,  the  rock  consists  of  a  plexus  of  chloritised  and  zoisitised 
felspar  columns  or  laths  with  indistinct  ragged  fibrous  plates  of  horr- 
blende  obscured  by  fine  granular  zoisite  and  green  chlorite  scales.  A 
little  interstitial  quartz  in  small  plates  is  observable.  In  places  there 
are  clearer  areas  composed  of  a  mass  of  epidote  and  zoisite  grains, 
quartz  grains  and  calcite  grains  surrounding  a  patch  of  bright  green 
isotropic  chlorite.  Some  small  fragments  of  leucoxene  are  scattered 
over  the  slide. 

The  slide  is  of  low  birefringence  owing  to  decomposition.  The 
structure  is  indicative  of  a  former  ophitic  relation  between  the  felspar 
cohinms  and  the  original  of  the  hornblende  plates. 

The  rock  is  now  a  much  weathered,  zoisitised  and  chloritised 
ophitic  dolerite,  in  which  the  augite  has  been  altered  to 
fibrous  hornblende  or  to  chlorite.  The  sections  bear  a  close  resem- 
blance to  [11318]  from  Meekatharra  and  the  fine-grained  amphib- 
olites  from  Kalgoorlie. 

CttVsI  °®*^  ^**  ITerbert.  ~    ^ 

A  fine-grained,  yellowish-green,  somewhat  sheared  rock,  with 
small  spots  of  epidotic  material. 

S.  The  rock  is  somewhat  obscure  in  section  owing  to  both  chemi* 
cal  and  dynamic  alteration.  It  consists  largely  of  grains  and  granular 
aggregates  of  yellowish  epidote  and  ragged  pale-green  more  or  less 
fibrous  plates  or  columns  of  hornblende  and  chloritised  hornblende,  with 
very  indistinct  traces  of  original  columnar  felspars  that  are  now  wholly 
zoisitised  ana  epidotised.  The  hornblendic  plates  are  often  intensely 
fibrons,  ragged  and  in'terrupted,  and  are  usually  considerably  bent  or 
contorted.  Some  isotropic  green  chlorite  occurs  in  small  patches  in 
addition  to  the  chloritic  hornblende.  Besides  the  epidote  and  zoisite 
developed  at  the  expense  of  the  felspar,  there  are  small  plates  of  quartz, 
some  granular  calcite,  and  fine  granular  albite.  Leucoxene  was  observed 
in  granular  form  in  various  parts  of  the  section.  Ophitic  structure  has 
been  almost  wholly  obliterated.  The  rock  in  structure  and  composition 
bears  some  resemblance  to  the  fine-grained  zoisitie  amphibolites  of 
Meekatharra. 

The  rock  is  a  sheared  epidotised,   zoisitised  and  a m- 

phibolised   dolerite.    In  its  present  condition  it  is  perhaps 

best  designated  a  fibrous  chloritic,  epidotic  and  zoisitie  amphibolite 

or  epidiorite 
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A  greyish-gfreen  medium-grained  rock,  showing  some  columnar 
and  small  platy  greenish  felspar. 

8.  Proves  to  be  a  much  altered,  zoisitised,  chloritised,  uralitic  epi- 
diorite,  such  as  is  common  in  Kalgoorlie  and  Meekatharra.  There  are 
large  zoisitised  and  kaolinised  columnar  crystals  of  basic  felspar  in 
more  or  less  distinct  ophitic  relation  with  ragged  plates  of  ferro-mag- 
nesian  that  is  in  part  nearly  colourless  fibrous  hombiende,  in  part  that 
mineral  altered  to  chlorite.  In  most  cases,  the  fibrous  forms  show  dis- 
tinct remains  of  the  original  augite,  and  ragged  plates  of  unaltered 
augite  also  occur  to  some  extent.  Grains  of  epidote  occur  with  the  chlo- 
rite, and  some  ragged  plates  of  leucoxene  are  visible. 

The  rock  is  a  much  altered  chloritised  and  zoisitised 

uralitic  epidiorite  with  original  augite. 

2.    Acid  Platonic  and  Dyke-rocks. 

(a.)  QraniteS;  Gneisses  and  Granular 
Porphyries. 

(i.)  Pink  Granites,  Gneisses  and  Granular  Porphyries. 

tiwrl     -^^^^  about  seven  miles  south-west  of  Camp  43. 

A  minutely-grained,  f elsitic,  dark-grey  flinty  rock,  weathering  on 
the  surface  to  a  dirty  yellowish-white.  Very  rarely  a  reflecting  sur- 
face of  a  felspar  crystal  is  visible. 

8.  Consists  of  a  micro-crystalline  mass  of  quartz  and  felspar  with 
oc:casional  slightly  larger  quartz  plates  and  quartz  aggregates.  Small 
scales  of  green  chlorite,  grains  of  magnetite,  small  scales  of  muscovite, 
and  a  rare,  reddish-violet  crystal,  apparently  of  a  garnet,  are  visible. 

Rock  a  felsitic  quart  z-p  o  r  p  h  y  r  y  without  pheno- 
crysts. 

[^i^_]   about  5%  miles  south-west  of  Camp  44. 

Identical  essentially  with  [j^Vs^]  hut  darker  in  colour  and 
with  very  little  garnet  present. 

[txWI   ^i    miles  north  of  Mt.  Waugh. 

A  very  fine-grained,  pinkish-grey,  felsitic  rock,  with  rare  small 

reflecting  surfaces  of  felspar. 

S.  Consists  of  a  fine-grained  granular  mass  of  quartz  and  felspar 
plates  about  equal  in  development,  enclosing  small  grains  of  pink  gar- 
net, black  iron  ore,  green  chlorite  scales,  brown  biotite  scales,  and  white 
muscovito  scales,  epidote  grains  and  occasional  small  flakes  of  par- 
tially chloritised  green  hornblende.  The  felspar  plates  are  partly  fresh, 
partly  slightly  kaolinised,  and  some  are  untwinned,  some  twinned  on  the 
albite  law.  A  few  felspar  plates  have  a  suspicion  of  the  grating  struc- 
ture of  microcline.  Some  plates  of  quartz  and  felspar  occur  larger 
than  the  rest  of  the  minerals,  but  not  idiomorphic. 

Rock  a  granular  quartz-porphyry  without  phenocrysts. 
[_-^i^]  "Spring  Granite"  (Camp  43). 

A  medium-grained,  pinkish,  granitic  rock,  with  distinct  incipient 
foliation,  shown  especially  by  the  stretching  out  of  the  quartz  plates 
into  lenticles  all  in  the  same  direction. 
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S.  Consists  of  some  large  irregular  platy  crystals  of  qiiartz  and 
felspar  partially  disintegrated  and  separated  by  a  finer-grained  granu- 
lar mass  of  quartz  and  felspar  plates  and  grains,  which  are  the  pro- 
duct of  granulation  of  larger  plates.  The  felspar  is  in  part  mierocline, 
in  part  orthoclase.  In  many  cases  a  partial,  fine  polysynthetic  lamel- 
lation  has  been  developed  in  felspar  grains,  probably  the  result  of  the 
granulating  stress,  especially  as  the  lamellation  is  sometimes  curved. 
Barely  there  is  an  occurrence  of  an  intergrowth  of  two  felspars  re- 
sembling that  commonly  occurring  with  microcline  and  albite.  Effects 
of  dynamic  stress  are  pronounced  and  are  shown  by  irregular  extinc- 
tion in  both  quartz  and  felspar,  irregular  twinning,  partial  granulation 
of  plates,  and  the  occurrence  in  places  of  whole  areas  of  a  fine  granular 
mosaic  of  quartz  and  felspar.  Some  grains  of  iron  ore  (ilmenite)  and 
greyish  white  material,  possibly  leucoxene,  are  occasionally  to  'be  ob- 
served. 

The  rock  is  a  highly  granulated,  considerably  mechanically  de- 
formed and  partially  foliated    microcline-granite. 

TrdWl  -^^  miles  north-east  of  €amp  43. 

Very  coarse-grained  and  pink  as  before,  with  large  pinkish 
felspar  crystals  and  aggregates  of  black  biotite  scales. 

S.  Consists  chiefiy  of  platy  and  tabular  crystals  of  felspar  all 
slightly  kaolinised,  and  large  platy  crystals  of  clear  quartz,  with  loose 
^gSH'egates  of  ragged  brown-yellow  biotite  scales  and  rarely  a  plate  of 
brown-yellow  or  greenish-brown  hornblende.  The  felspar  is  chiefiy 
microcline  with  the  characteristic  gridiron  structure,  and  though  in 
some  cases  this  structure  may  be  the  result  of  dynamic  stress  on  the 
rock,  its  prevalence  and  irregularity  point  to  its  being  of  primary 
origin.  Some  apparent  orthoclase  and  an  acid  plagioclase  about  oligo- 
clase  also  'appear. 

There  is  a  tendency  for  some  of  the  felspar  to  assume  a  rounded 
granular  shape,  and  inclusions  of  the  rounded  grains,  most  of  which 
appear  to  be  the  acid  plagioclase,  occur  in  some  of  the  microclime  plates. 

Hornblende  is  much  less  common  than  biotite,  in  fact  its  occurrence 
is  only  occasional. 

Some  black  iron  ore  and  some  other  minor  occurrences,  e.g.,  epidote 
grains  were  identified. 

There  is  marked  evidence  of  strain  in  the  rock,  shown  by  irregular 
extinction  in  the  quartz  and  felspar  and  irregular  lamellation  in  the 
felspar. 

The     rock    is    a    biotite-hornblende-microcline 

granite. 

[ytW]  Cf^i*™™*  Hole  about  3^4  miles  W.S.W.  of  Camp  68. 

A  reddish,  coarse-grained,  granitic  rock,  with  a  comparative  ab- 
sence of  ferro-magnesians,  but  with  small  fine  grains  of  partially 
altered  iron  ore   (ilmenite). 

S.  Tn  section  the  rock  consists  of  large  partially  granulated  plates 
of  microcline,  orthoclase,  and  ragged  plates  of  quartz,  with  patches  of 
fine  granular  mosaic  of  quartz  and  felspar,  grains  of  iron  ore,  a  few 
scales  of  muscOvite,  needles  of  nitile,  rare  scales  of  chlorite,  etc.  In 
some  places  a  very  coarse  intergrowth  of  quartz  ana  telspar  is  visible. 
Uneven  extinction  in  quartz  and  felspar,  bending  of  the  lamellss  as  well 
as  slight  development  of  secondary  twinning,  and  the  partial  granula- 
tion of  quartz  and  felspar  plates,  bear  witness  to  the  action  of  dynamic 
stress  on  the  rock. 


[nferl  0^^  Camp  44. 

A  flne-grsined,  dark,  pinkish-grey,  granular  rock,  with  small  re- 
Beeting  Burfaees  of  felspar. 

S.  Consiits  of  a  fiae-gniined  plat;  and  granular  mass  of  felapur 
and  quartz,  with  a  fen  Email  grains  of  green  hombJeode  and  green 
chlorite  as  well  as  small  gj-ains  of  magnesite  and  apparentlv  of  aphene. 
(Fig.  48.) 


Some  larger  platy  forms  and  plat;  aggregates  of  felspar  ocrur. 
The  felapar  species  are  in  part  orthoclase,  ip  part  an  aeid  plagiorlaw. 
and  manj  of  the  platet!  show  an  imperfect  development  of  the  fro'f 
batching  of  microcline,  a  feature,  however,  which  ma;  be  a  strain  ptf- 
nomenon.  Irregular  extinction  is  noticeable  in  both  quartz  and  fpUiiv. 
No  pbenocrfsts  are  visible,  and  no  mica. 

The  rock  is  a  fine-grained,  piaty,  granular  felepar-quartz  rock, 
probably  a  granular  facies   of   a    q  nartz  -  p  orp  hyrv, 

[nV^]  B«««ey  Hill. 

A  pale  pinkish-grey,  fine-grained,  granitic  rock,  with  sbwU 
streaks  and  patches  of  a  rather  black  biotitic  mineral. 

S.  Consists  of  large  ragged  plates  of  microelinu  nighl;  k«oliiiisnl 
and  partially  granulated,  large  ragged  plates  of  quarU,  also  partiaU.^ 
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^anulated,  and  some  strings,  and  small  grains  and  scales  of  brown 
biotite,  green  chlorite  and  rarely  green  hornblende  with  a  little  zoisite, 
and  yellow  epidote  in  grains.  A  few  small  plates  of  an  acid  plagio- 
clase  also  appear,  sometimes  enclosed  in  the  microcline.  Between  the 
large  plates  are  areas  of  a  gi'anular  mixture  of  quartz  and  felspar, 
obviously  the  result  of  partial  breaking  down  of  the  larger  plates 
through  dynauiic  agencies.  Uneven  extinction  in  both  quartz  and  felspar 
and  irregular  lamellation  in*  the  felspar  as  well  as  cracks  in  both  min- 
erals are  common.  Grains  of  iron  ore— ilmenite,  and  some  greyish 
material  round  the  iron  ore  which  is  referred  to  leucoxene — are  rather 
plentiful. 

The  rock  is  a  microcline-biotite-hornblende 
g  r  a  n  i  te    partially  granulated. 

[ttW]  *^bo"t  seven  miles  south  of  Camp  69  (Bentley  Hill). 
Similar  to  [jj^]  but  not  so  coarsely  grained. 

S.  Essentially  similar  to  [-j-^y,];  microcline  is  not  so  distinct  as 
in  [-^],  and  orthoclase  appears  to  be  more  common,  but  the  rock  13 
undoubtedly  genetically  connected  with  the  above. 

(ii.)  Grey  Granites  and  Gneisses. 

fiAr]  Ligrlitning  Rock. 

A  coarse-grained  granitic  rock. 

S.  Consists  almost  wholly  of  plates  of  microcline  and  quartz  with 
occasional  columnar  crystals  of  a  striped  plagioclase  and  flakes  of 
brown  biotite.  There  is  marked  evidence  of  dynamic  strain  in  the  irre- 
gular extinction  of  the  quartz  and  felspar,  the  presence  of  secondary 
lamellation  in  the  felspar,  but  chiefly  in  the  partial — in  some  cases 
nearly  complete — granulation  of  the  quartz  and  felspar  plates.  The 
striped  plagioclase  is  in  all  cases  highly  decomposed  with  the  produc- 
tion of  granular  or  fine  acicular  zoisite  or  of  kaolin,  and  the  columns 
are  not  infrequently  enclosed  in  the  microcline  plates.  Small  thin 
needles  of  rutile  are  observable,  probably  due  to  the  alteration  of  bio- 
tite. 

The  rock  is  a  coarse-grained  microcline-biotite  gran- 
i  t  e  with  marked  effects  of  dynamic  strain  shown  in  partial  granu- 
lation and  optical  irregularities. 

[^j^]  About  one  mile  east  of  Mt.  Scott. 

A  very  coarse-grained  grey  granite  with  occasional  small  black 

patches. 

S.  Consists  of  irregular  platy  crystals,  of  felspar  and  quartz — 
the  former  in  excess  of  the  latter — with  patches  of  ragged,  more  or  less 
decomposed,  green,  pleochroic  hornblende  plates,  a  few  flakes  of  brown- 
ish biotite  and  some  granular  iron  ore.  The  species  of  felspar  appear  to 
be  chiefly  orthoclase  and  microcline.  The  :nost  noteworthy  feature  of  the 
sections  is  the  enormous  amount  of  mechanical  deformation  they  show. 
All  the  crystals  of  the  felspar  and  quartz  are  remarkably  strained; 
irregular  extinction,  .«fecondary  lamellation,  crushing,  cracking  and 
partial  granulation  of  both  quartz  and  felspar  are  all  most  pronounced. 
The  deformation  seems  to  have  occurred  along  more  or  less  well-defined 
shear  zones,  but  the  whole  rock  has  been  affected  by  it.     (Fig.  49.) 
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There  are  occasional  quartz  inelasions  in  the  microcline  platM,  uid 
a  few  small  areas  of  a  micro -pegmatite  resembling  those  iii  U-fn) 
A  few  accessories,  such  as  apatite  needies,  etc.,  are  also  present 

The  rock  is  an  extremely  crashed  mieroeline-horQ- 
blende-  biotite  granite- 


Photo :    R.  A.  FarquliBnion.  Neg.    1621. 

[r^l  The  biotlta-mloroeline  graolta  Ulnitrmtlng  th« 
•itrema  Mnu. 

[rArl   ^'t■  Scotl. 

A  rather  fine-grained  dark  grey  granitic  rock  composed  of  bio- 
tite, quartz  and   felspar. 

S.  Thp  nection  consistB  of  namerons  large  ragged  plates  of  feb- 
psr  anil  fewer  and  smaller  plates  of  quartz,  with  a  considerable  if- 
veloiiment  of  hiotite  in  ragged  brown -yellow  strings  of  pleochroie  flakes. 
The  felspar  in  some  rsfcs  shows  no  twinning,  in  others  indistinct  albite 
Ismcliation,  in  others  pericline  striation,  and  not  infrequent!;  a  partiil 
development  of  the  cross-hatching  of  microcline.  As  there  are  decided 
evidences  of  dynamic  Btrsii;  in  the  rock,  this  partial  cross-hatching  rnij 
be  the  result  of  pressure,  and  not  an  original  structure  or  at  least  not 
originally  developeil  to  the  present  extent.  The  species  of  felspar  appear 
to  be  in  part  orthoclsse  and  microcline,  in  part  a  plagioclsse.  AU  tha 
plates  arc  more  or  le!<s  kaolinised  and  most  are   partially  micaeited. 

'I'he  quartz  occurs  in  small  plates  and  grains,  is  in  much  siullcr 
i1evelo|inicnt  than  the  felspar,  and  in  some  cases  appears  almost  intenti- 
tinl.  Undoubted  inclusions  of  squarish  quartz  grains,  however,  are 
observable  in  the  felspar.  The  biotite  flakes  are  very  common,  and  an 
occasionally  intermixed  with  small  scales  of  mnscovite. 

In  uinie  places  there  occur  small  areas  of  an  intergrowth  of  qnarti 
and  felspar,  generally  on  a  rather  minute  scale,  but  rarely  rather  coarse. 
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In  a  few  instances,  this  intergrowth  resembles  the  * '  mjrmekite "  of 
Sederholm.  There  are  thint  quartz  rods  more  or  less  parallel  in  felspar, 
and  these  areas  occur  between  large  plates  of  orthoclase  or  microcline 
and  a  plagioclase.  It  is  probable,  however,  from  the  occurrence  in 
other  parts  of  the  slide  of  rather  coarse  normal  intergrowths  of  quartz 
and  felspar,  that  these  small  areas  are  rather  merely  vermicular  micro- 
pegmatite. 

There  is  marked  evidence  of  dynamic  strain  in  the  rock.  The  fel- 
spars show  uneven  extinction,  bending  of  the  lamellee  secondary  lamel- 
lation  and  partial  granulation,  while  cracks  are  common  both  in  the 
felspar  and  in  the  quartz.    A  few  grains  of  sphene  are  observable. 

The  rock  is  a  biotite-microcline  granite  of  rather 
fine  grain,  probably  a  finer-grained  variety  of  [yiV^].    ^ 

[_^^]   Camp  55  (Barnard  Rocks). 

A  medium-grained  pinkish-grey  granitic  rook  with  many 
small  patches  of  hlackish  biotite. 

S.  Consists  of  large  plates  of  orthoclase  and  microcline  and  ragged 
plates  of  quartz  with  a  few  flakes  of  brown  biotite.  Both  quartz  and 
felspar  show  strain  shadows,  uneven  extinction  and  cracks,  and  the 
felspar  in  places  has  a  secondary  lamellation.  Other  marked  evidence 
of  dynamic  strain  is  shown  in  granulation  of  quartz  and  felspar  plates, 
some  of  the  former  showing  bands  of  granulated  quartz  through  the 
quartz  plates.  A  plagioclase  in  small  crystals  appears  to  be  enclosed  in 
places  in  the  microcline.  The  felspar  is  kaolinised,  zoisitised  and  mica- 
cised  in  different  cases. 

Quartz  plates  are  especially  granulated  in  places. 

The  rock  is  a  biotite-microcline  granite,  very  sim- 

CttWI  ^^^^  *^^"^  ^^^^  ^^^^  W.S.W.  of  Camp  57. 

A  medium-grained,  grey,  granitic  rock,  consisting  chiefly  of 
platy  felspar  and  resembling  [xxtt1»  ^^^  much  finer  in  grain,  and 
with  less  of  the  chloritic  material. 

S.  Consists  of  platy  irregular  crj'stals  of  felspar  and  few  of  quartz 
with  a  few  scales  of  browni  biotite. 

The  structure  is  distinctly  granitic.  There  is,  however,  slight  granu- 
lation of  the  quartz  and  felspar  at  the  margins,  irregular  extinction  of 
both  quartz  and  felspar  due  to  strain,  cracks,  and  a  suspicion  of  schiller 
in  the  felspar,  and  some  secondary  lamellation,  due  also  to  strain.  The 
species  of  felspar  is  in  part  orthoclase  or  microcline,  in  part  an  acid 
plagioclase. 

A  bending  of  the  flakes  of  biotite  is  occasionally  observable. 

Some  vermicular  intergrowths  on  a  small  scale  are  not  uncommon; 
there  is  a  little  magnetite,  in  large  grains;  and  the  felspars  are  all 
slightly  kaolinised.  Quartz  is  markedly  less  developed  than  the  felspar, 
and  only  in  relatively  small  plates. 

The  rock  is  a  highly  felspathic  biotite  granite 
with  quartz  in  relatively  small   amount. 

[^^1^1  Amy  Giles  Rocks. 

A  coarse-grained  granitic  rock  very  similar  in  appearance  to 
[y^^I  but  rather  finer  in  grain,  without  chloritic  patches  and  with 
quartz  showing  a  violet  or  heliotrope  tint,  and  fairly  common. 


8.  Consiits  of  allotriomorpMc  plates  of  partially  kaoUaraed  fel- 
Bpar  and  clear  quarti  with  a  rare  flake  of  brown  biotite  and  green- 
yellow  hornblende  cryatala  and  with  the  margins  of  the  quartx,  and  (o 
a  amall  de(;ree  the  felspar  slightly  granulated.  Some  of  the  felspar 
plates  are  of  eolumsar  and  tabnlar  form,  but  mart  are  irregalar  in 
shape.  Uneven  extinction  is  common  but  not  very  pronounced  in  both 
the  quartz  and  the  felspar.  The  felspar  species  appears  to  be  in  part 
orthoclase  or  inicroclrne,  in  part  a  finely  lameilated  acid  plagioflase, 
and  all  forms  are  more  or  less  tnrbid  from  kaoliniaation.  In  some  casM 
a  rod-like  or  vermicular  intergrowth  appears  in  a  felspar  plate.  Barely 
a  square  columnar  cryatal  of  felspar  is  enclosed  in  a  large  plate  of 
qwarti. 

It  differs  from  [-nVt]  •"  t*"*  absence  of  pink  fi^met,  and  in  the 
small  development  of  interstitial  granulitisation,  and  in  tbe  paucity 
of  ferro-magncBiaDB. 

The  roek  is  a  liiglily  felspathic  b  i  ot  i  te- h  o  rnblende 
granite    with  fairly  well-marked  dynamic  strain  effects. 

[,^3   Camp  59  (near  Mt.  Gosse). 

A  very  coarse-grained  greyish  granitic  rock  with  very  larse 
tabular  and  platy  crystals  and  much  smaller  quart*  crvstals,  as  wel! 
as  small  blaek  patches  with  the  quartz  and  felspar. 

8.  Consists  of  very  large  platy  crystals  of  untwinned  but  slighllv 
BchilleriBed  and  slightly  knolinjsed  felspar  with  few  ragged  plates  of 
clear  quartz,  sepaiated  by  a  fine  granular  mass  in  places  of  felspar, 
in  places  of  quartz  in  which  are  aggregates  of  granular  pink  garnet, 
frequently  with  associated  brown-red  biotite  and  small  green  scales 
of  chloritB  that  appear  to  have  been  derived  from  hornblende.  A  fen 
small  highly  refracting  rods  also  with  tbe  garnet  are  referred  to  lircon- 
(Fig.  50.) 

Pig.  50. 


PhotQ-  B.  A.  ruqntwnon. 
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The  noteworthy  feature  of  the  slides  is  the  fact  that  the  fine 
gn'anular  mass  both  of  quartz  and  felspar  has  obviously  been  derived 
from  tiie  granulitisation  of  the  felspar,  and  in  part  of  the  quartz  plates 
by  some  dynamic  stress.  The  large  felspar  plates  are  generally  cracked 
and  highly  granulitised  along  the  cracks,  so  that  portions  of  the  same 
plate  are  separated  by  a  band  of  the  granulitic  mass.  The  margins  of 
both  the  quartz  and  felspar  plates  are  extremely  irregular,  due  to  the 
breaking  of  the  crystal  outlines  and  formation  of  the  granular  mosaic. 
Schiller  structure  is  finely  developed  in  many  of  the  larger  felspar 
crystals,  and  uneven  extinction  is  most  marked  both  in  the  felspar  and 
the  quartz.  In  some  of  the  large  felspar  plates  are  many  very  small 
rod-like  forms  all  with  more  or  less  parallel  alignment,  and  all  ex- 
tinguishing together.  They  appear  to  be  an  intergrowth  in  the  felspar, 
and  since  some  appear  to  be  turbid  from  kaolrnisation  they  are  refer- 
able probably  to  albite.  Minute  intergrowths  of  small  dots  occur,  and 
5ome  minute  indistinct  rods  probably  representing  another  intergrowth. 
Dynimic  stress  has  developed  almost  a  fine  fibrous  structure  in  some 
fragments  of  the  felspar. 

Some  grains  of  black  magnetite  are  not  uncommon. 

The  structure  of  the  rock  is  decidedly  granitic,  but  the  rock  has 
been  severely  crushed. 

The  species  of  felspar  was  difficult  to  make  out,  but  the  absence 
of  albite  lamellation  and  of  any  twinning,  together  with  the  peculiar 
fibrous  character  of  some  of  the  plates  suggests  orthoclase  or  micro- 
cline  as  the  chief  species. 

There  is  no  distinct  banding  in  the  rock,  but  since,  from  field  evi- 
dence of  the  mass  of  the  rock,  a  pronounced  banding  is  observable  in  the 
country,  the  rock  is  put  down  as  a  partially  crushed  garnetiferous 
granitic    gneiss    or    gneissic    granite. 

Ct^I    Cohn  HiU. 

A  fine-grained,  dark  bluish-green,  apparently  silicious  rock  with 
numerous  small  rounded  crystals  of  red  garnet.  A  rough,  imperfect 
foliation  is  present,  but  indistinct. 

8.  Minerals:  garnet,  hypersthene,  quartz,  felspar,  biotite,  iron 
ores,  spinel  (t),  zircon. 

Tn  ordinary  light  the  sections  consist  of  numerous  large  rounded 
and  angular  crystals  of  pink  garnet,  irregular  grains  of  black  iron  ore, 
Fmall  grains  and  aggregates  of  grains,  and  rarely  small  ragged  prisms 
of  a  mineral  highly  pleochroic  in  red  and  green  tones,  scales  and  small 
scaly  aggregates  and  strings  of  brown  biotite,  all  in  a  clear  colourless 
mass  of  felspar  and  quartz. 

The  garnets  occur  in  large  rounded  and  angular  crystals  of  a  pink 
colour,  occasionally  with  one  or  more  crj-stal  edges,  and  rarely  with  in- 
clusions of  small  scales  of  brown  biotite,  grains  of  quartz  and  granules 
of  zircon,  the  latter  in  some  cases  with  pleochroic  halos.  In  general, 
however,  the  mineral  is  singularly  free  from  inclusions.  Optical  anom- 
alies are  rare,  though  slight  double  refraction  is  visible  in  some  of  the 
forms. 

The  highly  pleochroic  grains  are  especially  noteworthy.  In  no  case 
do  they  show  any  crystal  outlines,  cleavage  is  rarely  visible,  but  in 
those  cases  where  it  can  be  made  out,  it  is  perfect  and  prismatic.  Very 
rarely  grains  are  observable  which  show  two  sets  of  cleavage  traces 
practically  at  right  angles  to  one  another. 

The  mineral  has  generally  straight  extinction  parallel  to  the  cleavage 
traces.  The  pleochroism  is  quite  strong,  in  tones  from  reddish  brown 
to  deep  bluish  or  emerald  green.  From  these  characters,  together  with 
the  high  refractive  index  and  biaxial  character,  the  mineral  is  refer- 


160 

able  to  the  rhombic  pyroxene,  hyperstbene.  A  peculiar  feature  of  ft  few 
of  the  ^ain!i  is  that  the  eitinetion  on  the  (somewhat  doubtful)  cleavage 
traces  does  not  appear  to  be  straight,  but  very  conslUer&blj  inclined, 
a  circumstanee  which  suggests  the  presence  of  a  mooocliaic  pjroiene 
with  the  pleothroisni  of  hyperpthcne.  Owing,  however,  to  the  smallDes* 
of  the  grains  and  to  the  indistinctness  of  the  cleavage  traces,  observa- 
tion of  the  extinctionB  in  these  grains  is  difficult,  and  it  is  possible  that 
the  monoclinic  character  is  only  apparent.  Rarely,  however,  there  may 
be  observed  a  grain  which  is  pa'le  green  in  colour  and  not  pleochroic,  ami 
which  may  be  referred  to  augite. 

The  quartz- felspar  mass  forms  the  bulk  of  the  rock,  and  quarti  i> 
apparently  much  in  eiccas  of  the  felspar.  The  mass  consists  of  angular 
ragged  and  rounded  plates  of  quartz  and  felspar  in  a  fine  granulatpd 
or  indistinctly  granulitic  mass  produced  by  the  breaking  down  of  quartz 
and  felspar  plates.  The  larger  quarts  plates  have  a  distinct  elongntcJ 
shape  and  a  linear  arrangement  as  if  drawn  out  in  parallel  dircctian. 
They  are  all  crai-ked,  broken,  and  partially  granulitised,  and  all  shot 
more  or  lefs  irregular  extinction  as  well  as  rows  of  fluid  pores.  The 
felspar  plates  are  also  in  angular  and  irregular  shapes,  (hey  frequentlv 
show  minute  partial  lamellation,  bending  of  the  lamellae,  uneven  ci- 
tinction  and  partial  granulation,  effects  due  undoubtedly  to  severe  strain. 
The  species  present  are  acid,  but  difHctilt  to  determine.  Orthoclasc, 
however,  and  an  acid  plngioi'lace  are  apparently  commonest.  No  de- 
finite microcline  plates  were  observed. 

Pig.  61. 


The  biotite  scales  are   in  all   cases  very  small,  brownish-yellow  M 
brown  in  colour,  and  in  loose  aggregates  or  thin  atring& 
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The  iron  ore,  which  is  apparently  chiefly  magnetite,  is  remarkable 
for  the  fact  that  associated  with  it  are  sometimes  small  grains  of  a 
dark-green  ii-otropic  mineral,  blackish  by  incident  light,  which  is  per- 
haps referable  to  a  spinel,  pleonaste  or  hercynite. 

A  few  grains  of  zircon  occur  in  the  rock  mass  as  well  as  in  the 
garnets.  No  graphite  and  no  sillimanite  or  other  metamorphic  minerals 
were  observed. 

The  structure  of  the  rock  is  essentially  granular,  the  result  of 
granulation  or  granulitisation  of  the  colourless  constituents  and  of  the 
occurrence  of  the  pyroxene  in  granular  forms.  There  is  a  tendency  to 
foliation  noticeable  in  the  disposition  of  the  lenticular  plates  of  quartz, 
and  to  a  small  extent  in  the  arrangement  of  the  biotite  strings.  (Fig. 
51.) 

The  rock  is,  therefore,  a  garnetiferous-hypersthene 
gneiss    or    granulite. 

The  amount  of  material  available  is  too  small  to  allow  of  a 
chemical  analysis  being  made  of  the  rock,  but  from  the  composition 
and  the  structure,  it  would  appear  that  the  rock-mass  was  originally 
of  granitic  character.  Moreover,  there  is  undoubted  resemblance  be- 
tween this  hypersthene-granulite  or  gneiss  and  some  of  the  acid  var- 
ieties in  the  charnockite  series  described  by  Dr.  Holland  from  South 
India,  and  in  particular  to  the  varieties  that  have  been  dynamically 
metamorphosed,  with  the  production  of  garnets  and  a  gneissose 
structure.     This  resemblance  has  already  been  described. 

riTiil    ^^^^^  ^^  ^^^'  AloysiiTB. 

A  dark  greyish  or  yellowish-brow^n  rock  with  indistinct  reddish 
garnets  without  crystal  faces,  some  quartz,  and  small  thin  columnar 
or  acicular  crystals,  well-cleaved  and  with  adamantine  lustre.  In 
the  weathered  surfaces  they  are  seen  to  be  sometimes  in  small  bun- 
dles. 

S.  Consists  of  large  irregular  plates  and  grains  of  nearly  colour- 
less or  faintly  pink  garnet  without  any  crystal  faces,  small  rods,  prisms 
and  prismatic  aggregates  of  a  colourless  mineral  of  high  refractive  in- 
dex, and  some  yellow-stained  grains  and  plates  of  a  mineral  with  small 
refractive  index,  all  interspersed  with  irregular  plates  of  quartz. 

The  garnets  are  irregular  in  outline,  and  often  enclose  grains  of 
black  iron  ore  (magnetite).  In  one  instance  a  remarkable  feature  was 
noticed  in  connection  with  the  mineral,  viz.,  the  inclusion  of  a  grain  of 
a  green  spinel.  Inclusions  of  quartz  grains  and  abnormal  birefringence 
are  not  uncommon. 

The  prismatic  mineral  of  high  refractive  index"— which  is  the 
mineral  with  adamantine  lustre  visible  in  hand  specimens  of  the  rock- 
proves  to  have  the  following  characters  :  prismatic  forms  with  a  per- 
fect longitudinal  cleavage,  straight  extinction,  a  marked  cross-jointing, 
a  birefringence  that  is  moderately  strong  and  considerably  higher  than 
that  of  quartz,  and  a  refractive  index  almost  that  of  zoisite,  t.c.,  about 
1.70.  Basal  sections  of  the  prisms  are  stout,  rectangular,  or  squarish  in 
form,  the  birefringence  is  positive,  the  elongation  is  positive,  and  the 
optic  axial  angle  is  very  small,  so  small  in  some  sections  that  the  figure 
is  nearly  uniaxial.  The  axial  plane  is  parallel  to  the  brachypinacoid, 
and  the  acute  bisectrix  is  at  right  angles  to  the  vertical  axis.  A  little 
of  the  mineral  powder  as  pure  as  could  be  obtained  gave  a  blue  colour 
on  ignition  on  charcoal  with  cobalt  nitrate.  From  these  characters  there 
is  little  doubt  that  the  mineral  is  referable  to  sillimanite.     In  many 
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respects  the  miDeral  tesembles  c^anite,  bnt  the  small  axial  angle  amongst 
other  characters  rules  out  the  latter.  Thomson,*  in  his  examination  of  a 
rock  occurring  in  small  hills  Eajst  of  the  Barrow  Bmge,  found,  but  did 
not  identify  what  is  apparently  the  same  mineral. 

The  dusky  platy  mineral  of  low  refractive  ind(*x  resembles  quartz, 
but  owing  to  its  apparent — ^ough  indistinct— biaxial  character  where 
obtainable,  is  probably  referable  to  cordierite.  The  quartz  is  in  irregu- 
lar coarse  platy  forms  which  ^ow  marked  effects  of  dynamic  strain,  such 
as  partial  or  complete  granulation,  cracks  and  great  irregularity  in  ex- 
tinction. 

The  rock  is  a  dynamically  strained  garnetiferous-sil- 
limanite-quartz   rock  of  granulitie  character. 

[^^^]  about  li  miles  west-south-west  from  Mt.  Aloysius  Cairn. 
Rock  outcropping  in  watercourses. 

A  fine>grained  white  felspathic  rock  with  faint  suggestion  of 
foliation,  heavily  charged  with  small  dark-red  garnets  and  with  small 

crystals  of  clear  quartz  visible  in  places. 

S.  Sections  appear  indistinctly  banded.  There  appear  to  be  bands 
of  fine  kaolinised  felspar  and  quartz  separated  by  highly  quartaose 
bands  in  which  the  quartz  occurs  in  elongated  ragged  strips,  which  are 
remains  of  larger  quartz  plates  partially  granulitieed.  Granular  felspar 
also  occurs  in  these  bands.  Here  and  there  in  the  slide  are  ragged  im- 
perfectly lamellated  kaolinised  plates  of  felspar  which  appear  to  be  re- 
mains of  phenocrysts.  They  are  generally  granulated  at  the  margins. 
Irregular  extinction  is  very  pronounced  both  in  the  quartz  and  in  the 
felspar,  and  irregular  lamellation  is  common  in  the  felspars.  There  is  a 
strong  development  of  faint-pink  garnets  in  large  and  small  rounded 
f ormH,  enclosifig  quartz  grains. 

The  original  structure  is  not  clear,  but  appears  to  have  been  either 
coarse  platy  or  felspathic  with  felspar  phenocrysts. 

The  rock  is  a  highly  garnetiferous  granitic  quartz -felspar 
roc k — g ranite-porphyry  or  granit e — now  in  course  of 
alteration  to  a  garnetiferous  granitic  gneiss. 

[^_i_^]   7j  miles  west  of  Camp  59. 

A  fine-grained  grey  foliated  granitic  rock. 

8.  A  fine-grained  foliated  garnetiferous  quartz-felspar  gneips,  with 
marked  evidence  of  mechanical  or  dynamic  deformation  in  fracturing 
of  quartz  and  felspar,  development  of  a  rude  foliation,  imeven  extinction 
in  both  quartz  and  felspar.  Granular  sphene  present  and  some  smaller 
scales  of  chloritic  biotite.  Felspar  is  in  part  orthoclase,  in  part  micro- 
cline,  though  the  microcline  structure  may  be  in  pnrt  due  to  dynamic 
stress.  Incipient  thin  bands  of  quartz  present.  There  are  crystals  of 
the  same  acicular  prismatic  mineral  as  in   [-nVj] 

Rock  is  a  foliated  garnetiferous-sillimanite 
gneiss,  containing  quartz  and  felspar. 

(b.)  Porphyry  Dyke  Rocks,  usually  little  metamor- 
phosed. 

(i.)  Eveline  Dyke — 

[to^8^]   Cairn  on  Mt.  Eveline. 

A  finely  porphyritic  dark-grey  rock  consisting  of  numerous 
pinkish  phenocrysts  of  felspar  and  smaller  rounded  phenocrysts  of 
quartz  in  a  felsitic  ground-mass. 

*  Thonifion.      Rock  specimens  from   Central   and  Western   Australia.     Journal  aad 
04  roc.  Eoy.  Soc.,  N.8. W.,  Vol,  x. 
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^.     ConsistB  of  lar^e.  sligbtly  rounded,  tnbular  Rnd  irr^^nlar  plieno- 

i-TjiU  of  felspar,  and   targe  roumlfd  plienocrystB  of  clear  quartz   in  a 

-■■To-cryBtalline  (jround-TiiaRs  of  quartz  and  felspar  grains,  obscured  by 

■eroua    yellowish ureen    chloritit    scales    and    small    grains    of    irOR 

(Pig.   32,)         The  fel!ip»r  phenocryats  consist  oliiefly  of  a  finely 

Pig.  r,2. 


^Iriped  plagioclase  of  acid  species,  but  ol>sciired  by  kaolin isfttion.  Some 
untwinned  forms  may  be  orthoolase.  From  tlie  turbidity  and  uneven- 
ness  of  the  extinction  in  the  fornix,  the  species  wan  not  aacortained  with 
i-crtainty.  Tlie  felspar  phenocrystw  frequently  have  very  irregular  aliape, 
and  appear  to  have  milfered  from  resorption  to  soma  extent.  The  quartz 
j-heno<^ry8t8  show  enlariiemeDt  by  the  ground-maiis  and  nlso  in  some 
vases  resorption.  Chlorite  Wales  are  t!ommon  in  the  ground-mass,  and 
(.'reeniiph-yellow  and  green  rhloritic  aggreKates  occur  in  places,  while 
■ome  epidote  giains  were  oliserved.  Rarely  some  greenish  forms  with 
the  cleavage  of  hornblende  occur,  and  it  ie  prolwble  that  the  chlorite 
ii  derived  from  original  hornblemle  in  the  rock,  ^me  quartz  miiscovite- 
chlnrite  aggregates  occur,  protiably  as  alteration  products. 

A  noticeable  feature  of  the  slide  is  that  the  chloritic  scales  have 
a  distinct  parallel  alignment,  and  sweep  around  the  felspar  and  quartz 
phenocrysta  in  places.  This  feature,  however,  seems  to  be  due  rather 
to  mechanical  strain  on  the  rock  than  to  an  original  "flow"  structure. 
The  rock  isaebloritic  quartz-porphyry,  finely  por- 
phyritic  with  felsitic  groiind-tnass. 
W 


[lAo]    KalhKfn  Hill. 

A  ^■(;ry  fine-frrained,  felsitic,  <1nrk-grey  roek  witli  a  few  sniull 
lilieiiocrysls  ol'  quartz  showing.  A  she«re<1  siriieture  nolii'ealile. 
Quartz  in  part,  pale  blue. 

S.  Coni^ists  of  a  rare  quartz  phenocryst  in  a  finc-grnined  i;roun'l- 
1III1H3  of  wliich  portion  is  micro.cryHtalline  or  cryiito-cryatalline,  aiiil 
[iDrtinnH  are  roarfer  am)  fine  platy  form.  Id  the  g;rounil  are  patelie!i  of 
coarse  qiiartzoKe  inoxaii'  Bpiiarently  <ltie  to  tlie  breaking  ilown  of  lar^i' 
ijimrtz  plat«H.  Th^re  in  a  fine  dust  all  over  the  slides,  nhicb  consists  in 
]iart  of  fine  granular  iron  ore.  Numerous  very  small  grains  of  pint 
KHruet  sinil  oci'aaional  flakes  of  museovite  oecur  in  the  ground. 

Tile  niek  is  a  Hne-grained  §:arnetiferouK  quart:- 
piirpiiyry  with  some  plienooryats  of  quart?.. 

[1-0^-3]  """'"t  -^'^J  ""''^^  ''°'""'  "f  ''*'"P  ^-■ 

A  sreyiah-wliite,  tine-yrained,  Hnely  i>orphyritic  roek  with  siiu!! 
plieimcrysls  of  clear  quartz  and  less  obvious  and  smaller  phei:<>- 
rryslK  of  feliipar,  and  a  reddish  weathered  crust.  Small  ^aiu^  •'! 
pyrites  are  aealtered  tliroufrii  t!ie  mass  of  the  roek. 

S.  Consists  of  raB8e<l  rounile<l  jiartially  resorbed  pheoocryslf-  "f 
plear  quartz  in  n  erystalline  ({round-inaEH  composed  of  a  little  quarti  i- 
HMiall  }>lates,  and  niueli  felspar  in  ranged  plates  and  ii.any  varieties  1' 
curved,  feathery,  tufted,  wavy  and  divergent  forms  which  are  prolmll' 
intergrowtliH.  Many  show  a  diatinct  ajiproach  to  a  radial  form  n'l 
hence  to  a  s|ilierulitic  appearance,  but  no  true  spherulites  or  pst'ii'l 
s|ilier»lities  were  oliKerved.      C^'K'  ''3-) 
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Very  rarely  a  large  partially  niicacised  phenocryst  of  felspar  is 
noticeable  with  indistinct  lamellation. 

A  certain  amount  of  mechanical  deformation  is  noticeable  in  the 
slide,  evidenced  by  the  irregularity  of  extinction  of  the  quartz,  and  the 
irregularity  of  lamellation  and  extinction  in  the  felspar.  Some  chlorite 
scales,  and  pyrite  grains  are  present. 

The  rock  is  again  a  q  u  a  r  t  z  -  p  o  r  p  h  y  r  y  with  quartz  and 
felspar  phenocrysts  and  an  api)roach  to  a  granophyric  structure. 

[16^54]   ^^<>"*^  fi^'®  chains  north  of  specimen    [y^*^]. 

Similar  in  appearance  to  [^g^]»  but  with  pale  blue  cjuartz 
plieuocrysts. 

8.  Consists  of  occasional  large  ragged  platy  and  tabular  pheno- 
crysts of  felspar  and  rare  phenocrysts  of  quartz  in  a  fine-grained  ground- 
maj's  of  streaky  ap])earance,  due  to  the  fact  that  some  portions  are 
micro-crystalline,  and  others  are  coarser  in  grain.  In  general,  the  mass 
is  composed  of  quartz  and  felspar,  but  the  coarser  portions  consist 
largely  of  quartz  plates.  A  noteworthy  feature  of  the  slides  is  the  fact 
that  there  is  a  parallelism  of  the  streaks,  and  in  some  cases  there  is  a 
^*flow'*  structure  noticeable  round  the  phenocrysts.  Moreover,  some 
of  the  quartz  plates  and  portions  of  some  of  the  felspar  plates  are  dis- 
integrated, the  former  giving  rise  to  ** eye ' 'shaped  areas  which  exhibit 
portion  of  a  plate  extremely  granulated  at  the  margins  and  corners. 

The  parallelism  and  **flow''  structure,  therefore,  are  due  to  dyna- 
mic strain,  and  are  not  a  true  flow  phenomenon. 

Some  mica  scales  are  mixed  with  the  granulated  quartz  areas. 

In  one  place  a  string  of  quartz  plates  occurs,  associated  with  which 
are  grains  of  a  reddish -violet  colour.  These  are  isotropic  and  resemble 
si'cssartite. 

The  rock  is  a  dynamically  strained  quartz-por])hyry 
with  quartz  phenocrysts  fewer  than  the  felspar. 

(ii.)    Weir  Dyke — 

[_^g^]   about  6%  miles  east  of  Mt.  Weir. 

A  liver-brown,  fresh,  ])orphyritic,  fine-grained  rock,  consisting 

of  fairly  numerous  phenocrysts     of     felspar  in  a  dense  a]>hani(ic, 

yround-mass, 

S.  Consists  of  occasional  small  and  large  platy  or  tabular  pheno- 
crysts of  felspar  and  more  small  phenocrysts  of  quartz  in  a  very  fine- 
grained ground-raa^s,  made  up  largely  of  felspar  obscured  by  a  fine  dust. 
The  latter  consists  in  part  of  iron  ores,  in  part  of  green  chloritic  scales, 
while  small  grams  and  granular  aggregates  of  epidote  and  zoisite  are 
not  infrequent.  The  felspar  is  partially  kaolinisod,  of  a  species  difficult 
to  determine,  but  very  acid,  with  generally  a  patchy  extinction  due  at 
times  to  an  intergrowth  apparently  of  two  species,  at  times  rather  to 
strain  effects.    Some  untwinned  forms  are  referable  to  orthoclase. 

With  the  exeception  of  the  chlorite  scales,  ferro-magnesians  arc 
absent. 

Many  of  the  felspar  phenocrysts  have  very  ragged  margins  sug- 
gesting partial  disintegration  or  resorption. 

The  structure  is  undoubtedly  igneous  and  porphyritic,  and  the 
rock  a   f  e  1  s  p  a  r-  -p  o  r  p  h  y  r  y  with  few  quartz  })hen<)cryst8. 
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(iii.)    Warhurton  Dyke — 

[tAt]   Cassidy   Hill. 

A  purplish-black,  felsitie  rock  with  occasional  phenocrysts  of 

pink  felspar. 

S.  Consists  of  occasional  ragged  turbid  kaolinised  felspar  pheno- 
crysts in  a  fine-grained  ground-mass  consisting  largely  of  ragged  plate« 
of  felspar  of  which  only  a  very  few  are  twinned,  and  of  oecasional 
]>lates  of  quartz.  The  ground  is  covered  with  a  fine  black  dust  of  which 
most  is  black  iron  ore,  but  of  which  some  is  haematitie. 

The  felspar  phenocrysts  are  similar  to  those  in  prcFiou? 
sections. 

The  rock  is  a  fine-grained  felspar-porphyry  with  oc- 
casional pink  felspar  [)lienocrysts.  Quartz  phenocrysts  are  either 
very  rare  or  absent. 

tn^l  about  two  miles  north-north-cast  of  Kathleen  HiU. 

A  fine-<rrained,  rather  soft,  banded  yellowish  and  reddish  rock. 

rather  similar  to  some  of  the  foliated  porphyry  gneisses. 

S.  The  rock  consists  of  rare  phenocrysts  of  kaolinised  felspar  in 
a  fine-grained  ground-mass  composed  of  quartz  and  felspar,  with  bands 
of  coarser  quartz  mosaic  and  bands  of  very  fine  dense  micro-crystalling' 
mosaic,  and  strings  of  muscovite  mica.  There  is  little  doubt  the  ro<*k 
is  of  igneous  origin,  an  altered  porphyry,  and  not  a  sediment. 

fiT^^]   ^^^"^  ^^^  '^*^^  ^^  o^  Camp  55. 
A  dense  black,  extremely  fine-grained,  felsitie  flinty  rock  with 
occasional  distinct  phenocrysts  of  grayish  felspar. 

S.  The  rock  consists  of  occasional  large,  often  cracked  and  par- 
tially broken-down  phenocrysts  of  felspar  in  a  micro-crystalline  ground- 
mass  of  felspar  and  apparently  of  quartz,  obscured  by  a  minute  dust 
composed  rn  part  of  ehloritic  scales,  in  part  of  zoisite  and  calcite  gran- 
ules, in  part  of  granules  of  black  iron  ore.  The  phenocrysts  are  mostly 
extremely  altered  with  the  production  of  zoisite  grains  and  needles,  or 
in  some  cases  of  kaolin  or  chlorite  scales.  The  species  of  felspar,  owing 
at  times  to  zoisitisation,  at  times  to  the  irregularity  in  the  extinction 
and  twinning,  and  at  times  to  cracking  and  partial  granulation  cannot 
be  determined,  but  it  is  apparently  in  part  of  intermediate  composition 
— about  andesine. 

A  few  patches  of  greenish  or  yellowish -green  scaly  chlorite  occur 
in  the  ground-mass  in  addition  to  the  felspar  phenocrysts,  and  the^ 
have  apparently  been  derived  from  green  hornblende.  The  constituent* 
of  the  ground-mass  have  been  drawn  out  in  fine  lines  or  strings.  Thcr.* 
is,  however,  this  remarkable  character  of  the  ground,  viz,,  that  it  is  ci  r 
across  in  several  places  by  small  sharply  defined  fault  lines.  There  ar- 
even  some  clearly  developed  trough  faults  produced.  Obviously,  then- 
fore,  the  rock  has  been  subjected  to  sudden  stresses  subsequent  to  th^ 
stress  which  produced  the  parallel  strings  or  folia. 

The  structure  of  the  rock  is  porphyritic,  and  the  rock  is  cla.'is*^! 

as  a  fine-jrrained  flinty,  sheared  and  faulted  acid   p  o  r  p  h  y  r  y  or 

rather  porphyrite. 

fllb^]    '^^^""^  ^^2  miles  north-east  of  Fort  Mueller. 

A  very  tine-grained,  felsitie,  dark-grey  rock  weatherinjf  to  a 
yellowish  tint,  and  with  small  phenocrysts  of  felspar  visible  in  the 
altered  portions. 
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S.  Consists  of  occasional  rather  ragged  rounded,  and  partially 
eoliimnar  and  tabular  phenocrysts  of  felspar  in  a  ground-mass  that  is 
in  part  a  finely  crystalline  mass  of  quartz  and  felspar  plates,  and  in  part 
a  more  coarsely  crystalline  mass  of  rounded  quartz  and  felspar  plates 
partially  granulated,  and  generally  with  a  dotted  or  spotted  appearanc-e 
resembling  a  fine  granular  intergrowth  of  quartz  and  felspar.  These 
plates  are  generally  surrounded  by  the  micro- crystalline  mosaic.  There 
are  a  few  small  quartz  grains  larger  than  th&  constituents  of  the  ground 
mass,  small  patches  of  quartz  mosaic  and  thin  quartz  veinlets.  The 
whole  section  is  obscured  by  fine  granular  dust,  yellowish  by  incident 
light,  and  by  minute  grains  of  iron  ore,  while  a  few  strings  and  patches 
of  brownish  chloritic  scales  and  some  muscovite  scales  also  occur.  A 
few  patches  of  black  iron  ore  are  associated  with  the  latter. 

The  felspar  phenocrysts  have  in  some  cases  the  gridiron  structure 
of  microcline  which  is  apparently  original  and  not  produced  by  pressure, 
in  others  the  characters  of  orthoclase.  Kare  elongated  forms  composed 
of  granular  iron  ore,  chloritic  scales,  etc.,  may  represent  a  former  ferro- 
magnesian. 

The  structure  of  the  rock  is  rather  obscure,  but  a  considerable 
amount  of  granulation  of  the  constituents  has  obviously  taken  place, 
and  there  appears  to  be  a  fairly  distinct,  more  or  less  uniform  ground- 
mass,  with  an  absence  of  fragmental  structure. 

The  rook  is  a  fine-grained,  considerably  weathered  felsitic 

(|uartz- porphyry. 

(c.)  Relation  of  Granites,  Gneisses  and 
jrranular    Porphyries   to    Porphyry   Dyke   Rocks. 

The  following:  descriptions  of  sections  illustrate  this  relation — 
iTTTf   about  half-a-mile  south-west  of  Camp  46. 
A  reddish,   fine-grained,   felsitic   porphyry   finelj^   sheared,  ex- 
liibiting  small  phenocrysts  of  quartz  and  felspar. 

S.     Consists  of  large  quartz  and  felspar  phenocrysts  in  a  ground- 
mass,  consisting  of  bands  or  streaks,  some  extremely  fine-grained,  others 
much,  coarser  in  grain,  the  latter  largely  quartzose.  Both  the  quartz  and 
felspar  phenocrysts  show  embayment  by  the  ground-mass   and  uneven 
extinction,   while  the  felspar  phenocrysts  show  very  irregular  lamella- 
tion.     The  streaks  or  bands  are  curved   and  wavy   and  resemble  fiow 
lines  in  some  rhyolites.     Effects  of  dynamic  strain,  however,  are  pro- 
nounced in  the  rock,  being  shown  particularly  in  the  disintegration  of 
felspar  plates,  in  the  extreme  irregularity  of  twinning  and  extinction, 
in  the  fracturing  of  felspar  plates  and  the  curving  and  bending  of  the 
lamellap.     Undoubtedly   the   alternation   of   coarse   and   fine   streaks   or 
bands  is  suggestive  of  the  origin  of  the  rock  from  a  fiow,  but  it  is  prob- 
able that  the  bending,  waviness,  etc.,  are  results  rather  of  mechanical 
fief ormat ion    (Fig.   54). 

The  rock,  therefore,  is  a  fine-grained  quartz-porphyry, 
extremely  sheared,  and  mechanically  deformed  by  dynamic  stress. 

fn^l   %  mile  north-north-west  of  Camp  67. 

A  grey,  very  fine-grained  felsitic  rock  showing  small  crystals 
and  crystal  aggregates  of  pyrites  and  minute  quartz  veins. 

S.  Consists  of  a  granular  mass  of  quartz  plates,  very  fine  in  some 
areas  and  slightly  coarser  in  others,  with  occasional  rather  large  ragged 
plates  of  quartz  granulated  at  the  margins  and  passing  into  the  mosaic 
and  with   small  interspersed  plates  and   grains  of   felspar,  and  rarely 


some  [lartiallj  irr&niilate'l  large  plates  of  tbe  same  mineraL  Tbfse 
latter  platfls  are  iintwinned  and  are  referred  to  orthoelase,  while  Home  of 
the  small  tcrai'"*  in  the  moHaic  show  the  gridiron  structure  of  mirrolinp, 
I'neren  extiiii-tion  is  shown  oeeasionallj'  in  tbe  felspar.  A  few  small 
scales  of  lULiBi-ovito,  aii<5  many  minnte  grains  of  pyrites  are  wotterci 
(iier  the  mass.  The  larger  '|UBrl:(  plates  oeeur  usually  in  elongated  rat!ge<l 

Fig.  .-it. 


lii'ii^  Febltic  quarti  porpliyry  with  itraaky  or  bandod 
straotiin  TeMmUinK  thftl  In  Mme  rhyoUtM, 
bai  prriwWy  »  itrein  ell«t. 

foriiiH.  and  there  are  veinlets  or  strings  of  rather  coarse  quarlii  nio^i' 
Ihrongli  tlie  nias!<.  I'ndoubtedly  quartz  is  the  chief  constituent  anil  tL( 
loi-k  liiiH  at  first  sight  the  apjiearance  of  a  fine  grauular  quartzite,  but  ik 
presence  of  granidntei]  plates  of  both  qnarti  and  felspar  and  the  nte-jr 
renre  of  small  grains  of  felspar  with  the  qnartz  in  the  mass  inilii'ni'' 
that  it  ix  a  due  granular  or  grauulatcd  highly  qnartzo^e  facies  of  a 
quartj;   jHjriihyry. 

Some   thin   yellowish   cr.vstalline   streaks   are   kaolinised    felspar  wiv- 
asHoi-iated  p.vritpa. 

[ii'aol    ^'-  ""'*^  mirlli- north-west  of  Camp  67. 
A  vor.v  tine-HTBineii,  dark-grey,  near^  black  rock,  with  snuill 
aii^i-egiites  of  biolite  scales.     The  rock   weathers   to   a  lTght-CTi'>' 
colour  and  has  oliiiously  been  considerably  sheared. 

S.  The  rock  consists  of  a  fine-grained  mass  of  quart!  and  fel?|'i: 
plates  or  grains  enclosing  small  patches,  gome  of  yellowish-broWn  or 
greeniKh-liroun  biotitc  scales  and  quartz  grains,  others  of  biotite  sral^ 
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calcite  plates  and  comparatively  large  plates  of  felspar  with  irregular 
extinction  and  lamellation,  others  of  biotite  scales,  muscovite  scales,  cal- 
eite  plates  and  quartz  and  felspar  plates,  and  others  of  biotite  scales  and 
ealcite.  Rarely  a  platy  crystal  appears  in  the  mass,  with  the  cross- 
hatching  of  microcline  well  develo|)ed.  Muscovite  scales,  ealcite  grains 
and  numerous  small  biotite  scales  occur  all  over  the  section.  Possibly 
some  of  the  biotite  aggregates  represent  decomposed  phenocrysts. 

The  structure  of  the  rock  is  fine  granular,  and  it  is  probable  that 
part  at  least  of  the  granular  mass  has  been  produced  by  the  breaking 
down  of  larger  plates  of  felspar  and  doubtless  of  quartz. 

The  rock  is  difficult  to  name,  but  is  classified  as  a  granulated 

biotitic    acid   porphyry.    In  hand  specimen    it  shows  some 

resemblance  to  certain  lamprophyres,  but  the  paucity  of  the  ferro- 

magnesian  relative  to  the  colourless  constituents  and  the  granular  or 

fine  platy  structure,  together  with  the  jirevalence  of  (juartz,  point  to 

a  more  acid  rock  type. 

troV^l  ^^^^^^t  half-a-mile  west  of  Bob  Hilh 

A  very  fine-grained  dense  dark-grey  felsite  rock  with  reddish 
patches  and  general  reddish  tinge,  and  wnth  occasional  small  pheno- 
er>Rts  of  felspar  visible. 

S.  Consists  of  occasional  turbid  platy  and  columnar  phenocryst« 
of  felspar  and  few  smaller  phenocrysts  of  quartz  in  a  ground  mass  of 
varying  character.  In  some  portions  of  the  slide,  the  ground-mass  con- 
sists of  a  fine  micro-crystalline  mass  presumably  of  quartz  and  felspar 
ol'scured  by  a  fine  greyish  or  pinkish  dust;  occasionally  there  are  streaks 
or  cryptocrystalline  patches  of  an  undulating  form  through  this  mass, 
more  densely  charged  with  pinkish  dust,  and  these  obviously  curve 
ronnd  the  felspar  phenocrysts  in  a  manner  resembling  flow  lines.  Then 
there  are  small  patches  of  quartz  mosaic,  and  small  phenocrysts  of 
quartz  and  felspar  partially  granulated  to  a  mosaic. 

In  the  ground- mass  are  occasional  small  patches  of  deep-green 
chlorite,  and  green  chloritic  scales  are  ^scattered  over  the  slide.  Rarely 
some  resorption  is  noticeable  in  the  quartz  phenocrysts. 

Species  of  felspar  are  too  much  kaolinised  for  definite  determina- 
tion, but  they  appear  to  be  mostly  orthoclase. 

The  structure  is  clearly  porphyritic,  but  the  variations  in  the  ground  • 
mass,  the  streaking  or  flow  structure  and  the  i)resence  and  nearly  isotro- 
pic nature  of  the  streaks  or  undulating  patches  indicate  aflinities  with 
acid  flows,  and  suggest  that  the  ground-mass  was  originally  glassy,  but 
has  been  altered   (devitrified). 

The  rock  is  classed  as  a  f  e  1  s  o  p  h  y  r  e  (of  Rosenbusch). 

[rdWl     ^^^  Hiih  near  Mt.  Squires  (see  fig.  41,  p.  <)3). 

A  very  coarse-grained  pink  granitic  rock,  in  which  large  ])ink 

felspar  crystals  and  occasional  smaller  quartz  crystals  appear  in  a 

finer-grained     ground-mass.       There  is  a  small  development  of  a 

i)lacki8h  chloritic  mineral. 

S.  There  are  large  rather  ragged  plates  of  kaolinised  felspar  and 
quartz,  surrounded  more  or  less  by  smaller  felspar  and  quartz  plates,  or 
by  a  fine-grained  intergrowth  of  quartz  and  felspar.  In  places  a  rounded 
quartz  phenocrykt  occurs  surrounded  by  small  kaolinised  plates  of  fel- 
spar, or,  rather,  felspar  punctuated  by  small  grains  of  quartz  forming 
an  intergrowth  with  the  felspar.     (Fig.  55.) 
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Arena  of  );rAuul8r  quartz  and  fels|iar  inter^owth,  of  rod-like  inter- 
growth^rods  of  quartz  in  felspar — anil  of  an  Bpproa<.'h  to  the  graphic 
intergrowth  of  quartz  ami  felspar  are  remarkably  frequently  deTebped 
in  the  rook,  and  many  of  the  large  quartz  and  felspar  crystals  present 
round  twiiniiaries  to  thege  intergrowtns. 

Pig.  55. 


Small  Hpophysea  from  the  fine  granular  intergrowtb  penetrate  the 
margin  of  some  of  the  felspar  plates,  and  small  quartz  grains  are 
visible  in  plaeea  in  the  felspar  plates.  Rarely  a  felspar  plate  is  seen  with 
a  border  round  three  sides  that  has  a  slightly  different  orientation  aail 
suggests  a  later  gronlih  of  the  crystal,  probahly  from  felsjtar  substanrt 
from  the  ground  masB. 

The  felspar  species  are  distinctly  acid,  in  part  orthoclase,  in  part 
an  acid  plae^ioclase,  nbile  some  large  crystals  shon  a  structure  resemb- 
ling that  of  microrline.  HeSides  felspar  and  quartz  some  patches  an'l 
flakes  of  green  chlorite  occur,  vrith  associated  epidote,  sphene  (t),  granu- 
lar iron  ore,  zoisite,  and  some  plates  of  epidote,  and  a  rare  bromusb* 
yellow  flake  of  partially  chloritiseil  hornblende.  The  structure  is  more 
nlHed  to  the  [Slutonic  than  to  the  porphyritic,  but  undoubted  phwo- 
crysts  of  quartz  occur,  and  there  is  enlargement  of  felspar  crystJJa  by 
the  ground-mass. 

The  rock,  therefore,  is  intermediate  between  granite  and  ■ 
quartz- porphyry,  while  the  remarkable  development  of  in- 
tergrowths  of  felspar  and  quartz  indicates  a  resemblance  to  some 
granophyres. 
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txAsl  *^i'™'  Mf.  S(|uires. 

A  rather  coarse-grained,  apparently  platy.  greyish-pink  granitic 
rock  eonsistinjr  eliiefiy  of  plates  and  felspar. 

S.  The  roek  presents  a  remarkable  appearance.  It  h  almost 
wholly  eoiuposed  of  a  micro-pe^atitic  interpowth  of  quartz  and  fel- 
spar. This  intergroHth  is  not  uniform,  but  presents  a  variety  of  ap- 
jM^arances.  In  some  cases  it  is  a  normal  form  in  aJihedral  plates  of 
quartz  and  felspar  closely  approiimating  to  and  often  identical  with, 
the  (graphic  strutture  in  vome  ([ranitea  In  many  cases  however,  it  is 
aeen  to  occur  on  a  lery  minute  acale  as  uinumeTable  minute  rods,  in- 
clined at  an  angle  to  ea  h  other  on  either  aile  of  a  middle  rib.  The 
ap|)earance  is  lery  similar  to  a  ^triation  and  to  the  'herringbone" 
structure  observed  in  the  augite  of  some  dolerites  or  gabbros.  (^''ig. 
56.) 

Fig.  SO. 


Id  other  cases  the  inter^rowtli  »p|icara  as  a  ]>late  of  innumerable  minute 
clots  or  grains,  probably  the  result  of  sectioning  the  atriie  at  fight 
angles  to  their  length.  Then  again,  there  are  cases  in  nhicb  the  minute 
Htrim  instead  of  being  parallel  are  more  or  leas  radial,  or  inter-rami- 
fying H'ith  each  other,  producing  a  iiitnutc  stringy  extinction;  or  they 
iliverge  from  a  central  stem.  Again,  there  are  small  areas  in  which  the 
intergro^vth    aj'pcars   in    form!>   reHeinbling   placoidul   Hsh   scales. 

Frequently  there  apl>ear8  a  gradual  passage  from  the  minute  radial 
or  striated  form  into  the  coarser  graphic  vnrlety.  There  are  occasions 
in  which  a  enhetlral  i-oliininar  crjslal  of  felsjiar  is  surrouncled  by  the 
clotte<l  and  ragged  iiitergrowth,  uliich  piisHCs  gradually  into  the  coarser 
lariety,  and  this  felH[>ar  extinguishes  simultaneously  with  the  felspar 
of  the  intergrowth  itself,  a   fact  indicating  their  optical  continuity. 
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The  intergrowths  are  in  most  cases,  if  not  in  all,  intergro^-ths  of 
quartz  and  felspar,  a  fact  which  is  proved  by  the  evident  gradual  pas- 
sage of  the  coarser  quartz  and  felspar  into  the  rayed  varieties.  In  some 
of  the  plates  there  is  a  resemblance  to  the  microperthitic  intergrowth 
of  orthoolase  and  albite,  but  in  view  of  the  almost  universal  occurrence 
of  the  micro pegmatitic  quartz- felspar  variety,  it  is  most  probable  that 
even  in  these  plates  it  is  the  latter. 

Only  very  rarely  do  plates  of  felspar  occur  which  are  not  inter- 
growths,  though  large  plates  of  clear  quartz  are  more  common.  The 
felspar  is  in  all  oases  very  turbid  from  kaolinisation,  but  consists,  in 
the  main,  of  the  species  orthoclase  and  microcline. 

Tho  large  quartz  plates  occasionally  show  irregular  extinction,  but 
strains  effects  are  generally  absent. 

'i'here  are  a  few  strings  of  green  chlorite  scales  with  associated  mag- 
netite grains,  a  flake  or  two  of  green  chlorite,  and  some  strings  of 
haematite  grains  as  well  as  plates  of  black  iron  ore,  probably  magnetite 
or  ilmenite.  The  original  mineral  from  which  the  chlorite  was  derive«l 
was  not  definitely  ascertainable.  A  few  rods  with  high  refractive  index, 
high  birefringence  and  straight  extinction  are  referred  to  zircon. 

Tlie  structure  of  the  rook  is  almost  wholly  micropegmatitic. 
but  in  [>art  coarse  platy.  It  is  not  unlike  that  observed  in  some 
irranophyres,  but  there  is  no  spherulitie  structure. 

Tlie  rock  is  best  described  as  a  micropegmatite,  or 
HI  i  c  r  o  p  e  g  m  a  t  i  t  i  c  granite.  Smeeth  and  Watt*  in  their 
account  of  the  Horn  Expedition  to  Central  Australia,  describe  a  rock 
named  a  micro-ijegmatite  which  in  almost  all  respects  is  identical 
with  this  sjiecimen,  the  only  difference  being  that  in  one  of  their 
rocks  they  determined  the  presence  of  a  pale  pyroxene. 

[16*89]  TJo<*k-'i«le  in  Creek  about  one  mile  south  of  [i^VdI 

A    pinkish-grey,    medium-grained,    highly    felsj)athic,    granitic 

rock  with  niunerous  thin  black  chloritic  streaks. 

S.  Consists  almost  wholly  of  ragged  plates  of  a  slightly  kaolinised 
felspar  exhibiting  a  peculiar  roddy  or  stringy  structure  in  the  position 
of  extinction  in  ])olarised  light.  This  structure  is  very  similar  to  that 
seen  in  certain  oblique  sections  of  microcline.  The  appearance  is  un- 
<l()ubtodly  due  in  many  cases  to  an  intergrowth  of  a  perthitic  nature,  of 
which  albite  is  doubtless  one  constituent  and  microcline  another.  In 
some  ])lates  no  twinning  is  obser\able,  and  the  species  are  referred  to 
ortlioclase.  Incipient  granulation  is  noticeable  in  some  of  the  plates. 
Quartz  anncars  to  be  absent.  Through  the  felspathic  mass  are  a  few 
strings  of  a  l)rownish-yellow  chlorite— at  times  with  biotitic  characters 
— associated  with  grains  of  epidote,  zoisite  and  sphene,  while  some  small 
crystals  of  prismatic  form,  high  refractive  index,  high  birefrinsrence  an«l 
straight  extinction  are  referred  to  zircon.  A  few  doubtful  grains  may  be 
garnet   of   the   spessartite   variety. 

The  rock  is  a  highly     felspathic     facies  of  a  microcline 

granite,  with  chloritic  strings. 

ffo^Qil  ^'""P  ^^   (i'i^iii  of  Mt.  Squires). 

A  very  coarse-grained,  pink,  granitic  rock  consisting  of  water- 
clear  (piartz  and  large  flesh-coloured  platy  and  columnar  felspar? 
with  small  ]>ntches  of  a  black  ferro-roagnesian. 

•  The  TFom  Kxpeditlon  to  ('entral  Australia.     Petrology,  pp.  82,  85,  86. 
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S.  Consists  of  very  large  platy  and  columnar  crystals  of  turbid 
kaolinised  felspar  and  smaller  irregular  plates  of  quartz,  with  dense 
brown  and  black  patches  consisting  in  part  of  chlorite,  in  part  of  deep 
brown  hornblende.  The  felspar  is  in  large  part  microcline,  though  some 
of  the  plates  showing  no  determinable  twinning  are  referred  to  ortho- 
clase.  A  few  columnar  turbid  crystals  with  albite  lamellation  also  ap- 
pear. Quartz  is  less  common  than  the  felspar,  and  appears  mostly 
squeezed  in  between  the  plates  of  the  latter,  though  in  places  small 
quartz  plates  are  enclosed  in  felspar  in  a  manner  suggestive  of  an 
intergrowth. 

Owing  to  the  denseness  of  the  black  aggregates,  their  composition 
is  difficult  to  make  out,  but,  while  brown  biotite  and  pinkish  chlorite 
are  certainly  present,  there  also  appear  to  be  prismatic  plates  of  <leep 
brown  hornblende.  In  the  felspar  are  some  secondary  mineral  grains 
such  as  zoisite  and  muscovitc;  and  in  the  slides  are  some  small  crystals 
of  zircon. 

Irregular  extinction  is  marked  in  the  quartz  plates,  and  to  some 
extent  in  the  felspar. 

The  rock  is  a  very  coarse-grained    biotite- horn  blend  e- 

niierocline    granite. 

[__i_]   about  eight  miles  west-soutli-west  of  Camp  65. 

Very  similar  in  external  appearance  to  [xoWL  ^^^^  slightly 
coarser  in  grain  and  with  distinct  crystals  of  pyrites. 

S.  Consists  of  numerous  large  and  small  phenocrysts  of  quart/, 
and  turbid  felspar  in  a  microcrystalline — in  places  of  cryptocry stall ine 
j^round-mass,  probably  of  quartz  and  felspar.  The  fineness  of  the 
|r round-mass  seems  to  be  due  to  the  granulation  of  larger  plates.  It 
is  obscured  again  by  a  fine  granular  dust. 

The  felspar  phenocrysts  are  highly  turbid  from  kaolin isat ion,  and 
are  in  places  carbonated.  More  pronounced  than  in  [ttjVj],  and  much 
finer  in  texture  are  wavy  lines  or  streams  of  chloritic  scales  which, 
sweeping  round  the  phenocrysts,  X)roduce  an  effect  resembling  '*flow" 
structure.  These  stream  lines  are  particularly  noticeable  in  the  narrow 
spaces  between  many  phenocrysts.  In  one  case  they  api>ear  sericitic. 
As  in  [T^iryl  however,  they  are  due  rather  to  dynamical  strain  than  to 
original  flow  structures.  Embayment  of  the  quartz,  resorption,  etc.. 
occur  as  in  [^-J^^]. 

The  rock  is  essentially  identical  with  [f^Va]- 

fiVir]  about  six  miles  west-south-west  of  Camp  65. 

A  highly  porphyritic,  dark-grey  rock  with  many  square  and 
columnar  phenocrysts  of  ])ink  felspar,  some  of  large  size,  and  num- 
erous smaller  quartz  phenocrysts  in  a  very  dark-grey  felsitic  ground- 
mass. 

S.  ("onsists  of  many  large  rounded  phenocrysts  of  quartz,  and  many 
large  tabular,  columnar  and  irregular  phenocrysts  of  kaolinised  felspar 
in  a  ground-mass  that  is  mostly  microcrystalline,  but  in  parts  coarse- 
grained, and  then  seen  to  be  composed  of  quartz  and  felspar  plates  and 
grains  of  caleite.  Barely  there  is  a  ragged  more  or  less  fibrous  plate 
or  column  of  pale-green  hornblende  among  the  phenocrysts,  sometimes 
with  associated  grains  of  magnetite.  Enlargement  by  the  ground-masa 
is  noticeable  in  the  quartz  and  felspar  and  resorption  borders  appear 
in  the  quartz.  The  felspar  is  of  a  very  acid  species,  in  part  orthoclase, 
in  part  an  intergrowth  of  two  sj)ecies  or  a  chequered  twin.  There  is  a 
faint  suggestion  of  the  '*flow'^  structure  noticeable  in  [j^V*]- 
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The  rock  is  a  coarsely  porphyritic  quartz-por- 
p  h  y  r  y  with  very  large  phenocrysts.  Similar  essentially  to    [^t^^], 

3.    Clastic  Rocks. 

[t^&^I  ^^^"t  seven  miles  east-south-east  of  Camp  49. 

A  dirty,  dull-green,  much  decomposed,  rather  fine-grained  rock, 
not  unlike  in  hand  specimen  another  specimen  from  the  same  locality 
(see  footnote  to     [x^g]    on  page  183). 

S.  In  ordinary  light,  the  rock  has  a  distinctly  fragmental  and 
tufaceoua  appearance.  There  are  angular  clear  fragments,  yellowish- 
green  chloritic  forms,  and  pale  grey  granular  forms.  Under  the  micro- 
scope in  ordinary  light,  the  fragmental  character  is  easily  seen.  There 
are  angular  and  irregular  yellow-green  chloritic  forms,  some  dotted 
with  granular  iron  ore,  clearer  forms  somewhat  rounded  and  compose^l 
(a)  of  platy  quartz,  (b)  of  chloritic  scales  with  quartz  grains  and  some 
felspar  grains,  (c)  of  opaque  grey  granular  zoisite  and  chlorite,  (d) 
of  fine  granular  cryptocrystalline,  nearly  isotropic  material,  (e)  of 
nearly  isotropic  material  with  angular  quartz  grains,  very  similar  to  the 
mass  of  UuVt] 

There  are  in  addition,  some  felspar  crystals,  and  the  chloritic  fonns 
are  in  places  dra\An  out  in  streaks.  So  far  as  can  be  made  out,  there 
are  no  fragments  definitely  of  rock  types,  though  some  may  be  decom- 
posed glass,  others  may  be  portion  of  the  greywacke  of  which  [y^^]  is 
a  specimen,  and  others  again  may  be  the  remains  of  rock  types  decom- 
posed beyond  recognition. 

The  rock  is  difficult  to  classify  accurately.  In  some  respects  it 
resembles  a  highly  chloritic  greywacke,  in  others  an 
altered  tuff  or  ashy  agglomerate.  Everything  considered,  it  is  more 
probably  the  latter. 

[^^_.]  riYo  miles  west  of  Mt.  Squires. 

A  dark  grey-green,  fragmentary  rock  with  a  slightly  sheared 
structure,  in  which  fragments  of  various  sorts  and  sizes  are  visible- 
Some  consist  of  greenish  flinty  material,  others  of  white  flinty 
quartz;  some  are  yellowish.  Some  are  very  large — more  than  an 
inch  across — and  the  size  varies  from  this  to  very  small  grains  just 
recognisable  with  the  naked  eye.  All  are  enclosed  in  a  flne-graine<l 
greyish-green  matrix  which  makes  by  far  the  most  of  the  rock-masjs. 

S.  Sections  show  a  decided  fragmental  structure.  There  is  a  very 
fine-grained  opaque  grey  granular  mass  which  is  practically  isotropic. 
enclosing  small  grains  of  quartz  and  felspar  and  minute  grains  of 
epidote  or  zoisite,  and  enclosing  a  considerable  number  of  larger  frag- 
mentary angular  forms.  These  latter  are  interesting.  Some  consist  of  a 
minute  cryptocrystalline  mosaic  of  quartz,  others  are  undoubt«dly  of 
igneous  and  probably  of  volcanic  origin,  consisting  of  an  indistinct  re- 
ticulated mass  of  felspar  needles  obscured  by  opaque  grey  granular 
material;  others  again  consist  of  very  small  ragged  laths  of  felspar  a^ 
in  some  albite  porphyries;  others  again  consist  of  a  micro-crystalline 
mosaic  of  quartz  in  which  small  platy  felspar  is  identifiable,  and  in 
which  there  are  relics  apj)arently  of  disintegrated  quartz  phenocrysts 
as  well  as  small  chloritic  scales.  Others  consist  of  a  fine  plexus  of  rods 
of  felspar  with  the  interspaces  occupied  by  grey  opaque  material  and 
scales  of  green  chlorite;   and  others  are  similar  to   these,  but  consist 
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of  small  rods  of  felspar  lying  in  all  directions^  partially  kaolinised, 
and  with  associated  green  chloritie  scales  and  small  .opaque  grey  granu- 
lar zoisitic  or  epidotitic  material.  These  latter  resemble  the  ground - 
mass  of  JtiVj]'     ^''^  some  of  the  forms  granular  calcite  is  present. 

The  matrix  is  fine  granular,  grey,  a"d  practically  isotropic. 

There  is  a  marked  parallel  stretching  of  the  matrix  in  some  places, 
probably  the  result  of  shearing. 

The  matrix  closely  resembles  that  of  a  sedimentary  rock,  especially 
a  gre>'wacke,  while  the  included  igneous  and  possibly  volcanic  frag- 
ments suggest  a  resemblance  to  some  volcanic  agglomerates. 

From  the  structure  and  composition  of  the  matrix,  however,  it 
is  probable  that  the  rock  is  best  interpreted  as  a  sheared  grey- 
w  a  c  k  8  witli  enclosed  igneous  and  jirobably,  in  some  cases,  volcanic 
fragments.  In  this  connection  it  is  interesting  to  point  out  that 
the  rock  from  Mt.  Yagahong,  an  arkose  with  agglomeratic  affinities, 
has  several  characters  in  common  with  this  rock,  especially  as  re- 
gards the  apparent  sedimentary  structure  and  the  nature  of  the  in- 
cluded fragments. 

A  pebble  taken  from     [iis^s^l* 

A   small   pebble,   much   weathered,   dirty   grey   in   colour   and 

somewhat  porphyritic. 

S.  Consists  of  highly  altered— chiefly  zoisitised— phenoerysts  of 
felspar  in  columnar  and  squarish  forms,  in  a  fine-grained  ground-mass, 
composed  of  a  loose  rectangular  network  of  thin  acicular  laths  of  fel- 
spar interspersed  with  fine  granular  or  platy  felspar.  Both  the  laths 
and  the  plates  are  ragged  or  uneven  in  outline.  With  hardly  any  ex- 
ception, the  phenoerysts  are  so  completely  altered  to  granular  and  fine 
prismatic  zoisite  that  their  optical  properties  have  beeii  destroyed.  In 
places  in  the  ground  are  ragged  scaly  aggregates  of  green  chlorite,  and 
all  over  the  sections  are  small  opaque  grey  granular  aggregates,  white 
by  Incident  light  and  probably  of  zoisite,  though  some  may  be  leucoxene 
derived  from  ilmenite.  Rather  common  in  the  rock  are  long  needles  of 
apatite. 

The  rock  is  very  ditficult  to  name.  It  is  undoubtedly  porphy- 
ritic, and  judging  by  the  fact  that  the  fdspars  are  generally  altered 
to  zoisite,  its  composition  appears  to  be  rather  basic.  There  is  no 
trace  of  original  ferro-magnesian,  and  the  structure  of  the  ground- 
nia.ss  is  unusual.  It  will  be  best  described  for  the  present  as  a  z  o  i  s- 
i  t  i  s  e  d     and     chloritised    porphyrite. 

[iiWl   ^^^'  ^^^  miles  west  of  Camp  55. 

A  tine  granular  white  quartz  rock  with  pale  reddish  iron  stain- 
ing, and  with  numerous  small  whitish  and  pale  reddish  or  yellowish 
granular  spots.  There  is  a  tendency  to  fine  cleavage  visible  in 
the  specimen. 

S.  Consists  of  a  rather  fine-grained  mass  of  more  or  less  rounded 
partially  interlocking  plates  of  quartz,  with  here  and  there  ragged 
aggregates  of  a  mineral  with  a  rather  high  refractive  index,  definite 
eloavage,  straight  extinction  on  all  prismatic  edges  and  on  the  cleavage 
traces,  weak  birefringence  and  biaxial  character.  Amongst  the  plates 
are  occasionally  small  prismatic  forms.  The  mineral  is  in  all  cases 
turbid  from  alteration  (probably  kaolinisation),  and  in  general  ap- 
fkearence  in  ordinary  light  resembles  highly  turbir  felspar.     There  are, 
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moreover,  in  it  inclusions  of  brown-yellow  nitile  needles  and  occasion- 
ally of  small  flakes  of  mnscovite.  The  powdered  mineral  gives  a  decided 
blue  colour  or  ignition  with  cobalt  nitrate.  It  resembles  cyanite,  and- 
alusite  and  zoisite,  but  from  the  straight  extinction  on  prismatic  forms, 
the  blue  reaction  with  cobalt  nitrate,  and  the  low  birefringence,  it  is 
referred  to  andalusite. 

The  rock  is  a  m  e  t  anio  r  p  h  i  c    quartzite  with  ^anular 
andalusite. 

fiiVs]  ^'^^*  about  one  mile  east  of  Camp  55. 
S.  The  sections  present  an  unusual  appearance.  They  are  chiefly 
composed  of  a  very  fine-grained,  dense-black,  dusty  material,  sometimes 
with  small  patches  of  brown*yellow  micaceous  scales,  sometimes  devoid 
of  them,  and  in  places  with  small  irregular  quartz  grains.  The  dusty 
black  material  appears  to  be  of  amorphous  graphitic  origin.  Tnchide^l 
in  these  ])atches  or  associated  with  them,  are  (a)  irregular  clear  pat^'he:^ 
of  (piartz  and  felspar  with  some  included  black  graphitic  material;  (b^ 
more  or  less  rounded  brownish -yellow  biotitic  forms  nearly  devoid  of 
graphitic  <hi8t;  (c)  lighter-coloured  forms  extremely  fine-grained,  but 
composed  in  part  of  minute  yellowish  scales  and  graphitic  dust  with  or 
without  angular  quartz  grains;  (d)  small  forms  consisting  of  an  in- 
ilistinct  plexus  of  felspar  laths,  resembling  those  found  in  the  con- 
glomerate previously  described;  (e)  cryptocrystalline  and  nearly  isotro- 
]»ic  forms  dusty  with  graphitic  material;  (f)  occasional  angular  qoartz 
and  felspar  crystals  of  some  size.  In  places  the  graphitic  and  chloritii' 
material  is  streaked  out  as  if  along  a  zone  of  shearing. 

The  structure  of  the  rock  is  somewhat  obscure,  but  apparently 
frajrmental,  and  the  specimen  is  classed  as  a  black  graphitie 
a  2:  g  1  o  iTi  e  r  a  t  e. 

[T0V3]  *^^^^^"*  1%  miles  north-east  of  Camp  45. 

There  are  two  specimens  from  about  the  same  locality. 

(a.)   This   is   a    fine-grained   yellowish-w^hite   intensely   sheared 

niicaceous  scliist,  with  much  muscovite  on  the  shear  surfaces. 

S.  Consists  of  a  granular  or  small  platy  quartz  mass  in  which  arc 
numerous  elongated  flakes  and  more  or  less  parallel  strings  of  colour- 
less nuiscovite,  though  most  of  the  rock  is  composed  of  quartz  and  mica, 
and  it  is  probable  tliat  the  mica  represents  original  felspar  now  alnioj^t 
wholly  altered.  There  is  no  trace  of  phenocrysts.  The  quartz  plates 
are  all  small  and  interlocking. 

The  rock  is  an  intensely  sheared  mica  schist.  Its  origin,  whetlur 
from  an  igneous  rock  such  as  an  aplite  or  a  granular  quartz  por- 
])Iiyry,  or  from  a  folspathic  sandstone  is  not  clear.  The  structure 
of  the  (piartxose  mass  is  that  observable  in  certain  granulated  a|>- 
lites,  so  tliat  it  is  more  probably  derived  from  a  porphyry  or  aplite* 
tlinu   from  a  sediment. 

(b.)   This  s})ecimen  is  also  intensely  sheared,  almost  foliate^l 

but  (lifters  from   (a)   in  being  pale-green  in  colour  with  numerou? 

1  ale-green    micaceous    spangles,    as    well    as    brown-red    micacet^"^ 

patches  on  the'sliear  surfaces.     The  rock  obviously  consists  chiefly 

of  white  ((uartz  and  the  brown-red  and  pale  green  micaceous  scale?- 

S.  Tn  section,  the  rock  consists  of  a  mass  of  numerous  small 
roun<l(»d  more  or  less  interlocking  grains  of  clear  quartz,  in  which  are 
many  snmll  ragged  pale  yellowish-green  micaceous  scales  separate  and 
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in  agj^rogates.  The  Hcales  are  often  slightly  pleochroic,  and  in  places 
ap»  distinctly  chloritic.  In  cross  sections  of  the  rock,  they  appear  in 
irp^jrnlar  bands  or  strin^^s,  and  at  times  these  strings  are  coloured  in- 
tciFely  red  by  red  oxide  of  iron.  The  structure  of  the  rock  is  again 
finc-grnnular  or  irregularly  platy.  No  felspar  was  determined  in  the 
sections  examined. 

The  rock  is  of  rather  peculiar  and  undeterminable  character, 
l)ut  appears  to  be  a  green  micaceous  and  chloritic  intensely 
sheared  quartzite,  possibly  of  sedimentary  origin.  Tn  de- 
fault of  an  estimation  of  the  amount  of  alumina  in  the  rock,  it  is 
ditlicult  to  determine  for  certain  whether  the  micaceous  mineral  is 
muscovite  or  talc,  though  it  appears  rather  to  be  tlie  former. 

Roth  (a)  and  (b),  therefore,  are  of  rather  doubtful  ori<»in, 
thcmjrh  differing  considerably  in  appearance,  they  nevertheless  ha^'e 
some  points  in  common,  but  from  the  absence  of  field  evidence — 
owing  to  the  circumstances  under  which  the  rocks  were  collected — 
and  from  the  indefiniteness  of  the  structure  of  the  rocks,  little  more 
of  a  definite  character  can  be  said  of  them. 

fr^Wl  ^^^  miles  north-north-east  of  Camp  42. 

A  dull  dark-grey,  rather  fine-grained  granitic  rock,  with  small 
l>atches  and  innumerable  minute  scales  of  black  biotite.  The  rock 
has  been  sliglitly  sheared. 

S.  Consists  of  many  large  angular  and  more  or  loss  rounded  platy 
crystals  of  quartz,  and  angular  platy  and  irregular  crystals  of  felspar 
in  a  fine-grained  ground-mass  or  matrix  of  quartz  and  felspar  enclosing 
numerous  small  scales  and  flakes  of  brown  biotite,  scales  of  muscovite, 
grains  of  calcite,  sphene,  etc.  In  all  cases,  the  large  plates,  though  ap- 
jiearing  as  phenocrysts  in  a  fine-grained  ground-mass,  are  tery  angular, 
with  cracks,  serrated  margins  and  general  fragmental  character.  In 
^'fMte,  however,  of  the  irregularity  in  outline,  there  seems  to  be  little 
if  any  granulation  of  the  margins,  and  such  effects  of  dynamic  strain 
as  uneven  extinction,  secondary  lamellation  of  the  felspars,  etc.,  are  by 
no  means  pronounced. 

The  ground-mass  or  matrix  is  quite  fine-grained,  but  not  uniform 
in  texture,  some  portions  being  comparatively  coarse,  while  small  rounded 
areas  of  almost  cryj)tocry8t«Iline  mosaic  occur.  There  a]>])oars,  how- 
over,  to  be  a  gradation  in  size  between  the  large  plates  of  quartz  and 
felspar  and  the  fine  granular  mass,  crystals  of  both  quartz  and  felspar 
of  all  intermediate  sizes  being  common.  The  ground  mass  is  generally 
ohwured  by  the  numerous  scales  of  brown  biotite  and  colourless  nuisco- 
\  it«*.  The  species  of  felspar  present  are  difficult  to  determine,  but 
orthoclase  and  an  acid  plagioclase  are  the  most  common. 

The  important  question  in  regard  to  this  rock  is  whether  it  is  to  be 
regarded  as  of  clastic  or  igneous  origin,  i.e.,  whether  the  fragmental  a])- 
pearance  is  due  to  aggregation  and  consolidation  of  mineral  fragments. 
or  is  the  result  of  crushing  ami  granulation  of  an  igneous  rock.  There  is 
no  question  that  the  large  angular  pseudo-phenocrystal  plates  have  a 
<*]astic  appearance.  Moreover,  effects  of  severe  dynamical  strain  are 
largely  absent,  and  many  of  the  most  angular  of  the  plates  show  no 
strain  phenomena  at  all.  If,  however,  their  angular  nature  were  tlio 
result  of  pressure  or  crushing  stress,  they  would  certainly  be  expected 
to  show  some  at  least  of  these  phenomena,  such  as  optical  anomalies, 
^^annlation,  and  a  tendency  to  foliation.  These  characters  are  almost 
i^'holly  absent. 
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On  the  other  hand,  the  ground-mass  in  general  has  the  appearanee 
of  that  of  many  quartz  porphyries,  i.e.,  of  a  granular  mosaie  of  quartz 
and  felspar,  and  is  eeVtainlv  more  igneous  in  structure  than  claatk 
notwithstanding  the  fact  that  there  is  considerable  variation  in  its  tei 
ture.  It  is  possible,  of  course,  that  a  certain  amount  of  recrystallia 
tion  of  an  original  fine-grained  clastic  matrix  may  have  resulted  in  a 
mass  with  a  structure  resembling  that  of  igneous  rocks. 

On  the  whole,  the  balance  of  evidence  is  rather  in  favour  oi  a 

clastic  origin  of  the  rock,  and  the  latter  is  interpreted  as  a  somewhat 

sheared   pseudo-porphyritic  granitic    arkose,    with  a  profn- 

sion  of  small  biotite  scales. 

B. — ^Basic  Igneous  Rocks  of  Doubtful   Position. 

1.    Basic  Plutonic  and  dyke  Rocks. 

[iifVo]  ^^^*  Welcome  (Cavenagh  Sange). 

A  rather  coarse-grained  black  rock  with  reflecting  surfaces  oi 

numerous  columnar  twinned  crystals  of  a  plagioclase  felspar,  and  a 

somewhat  greasy  lustre. 

S.  Most  of  the  rock  is  made  up  of  large  columnar  and  platj  cry? 
tals  of  felspar,  with  pronounced  albite,  and  occasionally  pericline  lam 
ellation.  The  species  is  basic,  and  from  the  extinction  angles  in  s^id 
metrical  lamellae,  it  is  basic  labradorite,  or  bytownite.  In  addition  to  tte 
felspar  there  is  a  small  development  of  ferro-magnesians.  Of  these  th^" 
chief  appears  to  be  hypersthene  in  grains  and  anhedral  forms  oft^n  ir 
ophitic  relationship  with  the  felspar.  The  mineral  is  generally  marke^il* 
pleochroic  in'  pinkish  to  pale-green  tones,  sometimes  with  distinct  scbiller 
structure.  Rarely  an  alteration  is  noticeable  in  it  to  green  chlorite-, 
through  a  greenish  hornblende.  In  addition  to  the  hypersthene  there  an* 
anhedral  plates  of  a  monocline  pyroxene  often  with  a  border  of  hyper;" 
thene  wrapping  round  them,  and  some  granular  forms  referred  to  ollTinf 

The  structure  is  distinctly  ophitic. 

The  rock  approximates  to  an  anorthosite  in  the  extremdy  larc? 
development  of  felspar,  but  is  a  highly  felspathic  hyper ?- 
thene-olivine   gabbro,   or  olivine-norite. 

[j^^]   Camp  53  (Cavenagh  Range). 

Another  nearly  black,  rather  coarse-grained,  highly  felspatliif 
rock,  verj'  similar  in  appearance  to  [yxj^^l- 

S.  Hounded  and  anhedral  plates  and  grains  of  pyroxene  and  o\\ 
vine  occur  in  more  or  less  clear  ophitic  relationship  with  columnar  aa'i 
f)laty  striped  plagioclase.  (Fig.  57.)  The  hypersthene  is  in  ronn<i^i 
^ains  and  irregular  platy  forms,  with  pinkish  and  pale-green  pleoch" 
ism  and  generally  without  schillerisation. 

Associated  with  it  but  mostly  in  anhedral  plates  is  a  scMllerised  <'o. 
ourless  diallage.  In  some  cases  small  grains  of  the  hypersthene  ooeur  ir 
diallage  plates  suggesting  an  intergrowth  of  the  two  minerals,  whieh  ir 
this  case  arc  easily  distinguished  both  by  the  different  optical  orients 
tion  and  by  the  absence  of  schiller  structure  in  the  hypesthene.  Plate* 
of  diallage  without  schillerisation  however,  are  not  uncommon. 

In  addition  to  these  minerals,  in  common  association  with  the  p}T 
oxene,  are  rounded  grains  referred  on  account  of  the  absence  of  fl*^^^ 
age,  high  refractive  index  and  birefringence,  presence  of  cracks,  ete.,  i'] 
olivine.     A  slight  tendency  to  schillerisation  is  noticeable  in  them,  .m' 


at  times  a  very  faiut  yellowish  pleocbroisin.  They  BOiuetimeH  are  in 
opbitic  relation  to  the  felapiir.  Tlin  felspars  are  faintly  cloinled  by  in- 
cliituons  or  by  incipient  liBolinisation,  but  are  agaia   basic   labradorite. 


[ii^sil  The  ollvlD»-D0i1te,  showlDg  tbe  granular  natun 
ot  (be  lerro-magnetjaii  and  tbe  Indlsliiiot 
ophltio  stmeture. 

Tlie  rock  is  one    of    the    enslalile-augite  series,  an  olivine- 

[j-^]  Fort  MucUftr  (Cavenogh  Range). 

Similar  in  appearance  to  [x^?]  •"''  much  finer  in  grain,  witl- 
some  lig'ht-^rey  plagioclase  felspar  showing:, 

S.  In  this  iiection,  the  ferro-magiiesiaiis  are  nearly  an  eotnnioii  as 
the  telspar.  There  are  large  eoliinina  ami  plattB  of  striped  bawic  labra- 
dorite,  and  rounded  grains  and  plates  of  pleoi-hroic  bypersthene,  with 
ocrasional  anhedral  plates  of  higbly  scliillerised  diallage.  Orthopina- 
coidal  twins  in  the  diallage  give  a  herring-bone  structure  to  tbene  plates. 
While  many  of  the  plates  of  hypersthene  do  not  abovr  aehillerisation. 
others  are  finely  achillerised.  Granular  forma  of  the  hypersthene  oei'iir 
apparently  enclosed  in  diallage  platea.  anil  the  two  minerals  are  gener- 
ally closely  associated  in  a  pyroxene  aggregate.  Olivine  ia  apparently 
absent.  An  ophitie  structure,  in  which  columnar  felspar  is  enclosed  in 
the  pyroiene— diallage  sometimes  on  one  aide  and  hypersthene  on  the 
other — is  ocpXHionally  visible. 

The  rock  is  a  liypersthene-gabbro,  but  though  differ- 
in?  a  little  from  the  two  fiirnier  in  com posi lion,  is  doubtless  geneti- 
cnlly  oiinpeeted  with  lUeni.     Tl  eloHely  approximateH  to  some  of  the 


norites  from  different    porlioDS  of  the  Western  Australian   Oold- 

[nW3    ffn^P  ■''6  (east  end  of  Blaekstone  RaDge). 

Similar  to  [y^^],  but  eoarser  in  praiii,  with  lar^  platy  fels|iars 
iind  sn^yisli-blaek  tint. 

a.  R«Bembles  closely  TTn'ttl'  ''"'  ferro-ma^esians  are  more 
common.  The  felspar  atrain  is  large  columnar  ami  platy,  often  with  a 
fine  schiller  structure.  IlyperBthene  is  again  eoninioneHt  of  the  ferro- 
iliBgneaian  mineralB,  but  olivine  in  ^annlar  aa  well  as  tapering  forms 
is  not  infreijoent,  and  often  there  is  a  border  of  hj-peratliene  between 
the  olivine  and  the  felspar  (Fig.  58).    A  faint  si-hiller  structure  is  some 

Fig.  58. 


Iiiui>s  visilile  in  the  olivine  fomis  as  well  as  a  brown-red  slniniiig  alon;; 
cracks  iu  the  mineral,  and  sometimes  there  is  a  decomposition  to  a  highly 
birefriitKent  brown-reil  mineral  referred  to  iddingsite.  In  Rome  easi--^ 
where  an  envelope  of  hyperslhene  is  present,  the  latter,  especially  where 
in  contact  also  with  iron  ore,  has  been  altered  to  or  is  associated  with  a 
brown  pleochroic  hornblende.  Some  anhedral  plates  of  monocline  pyr- 
oxene occur.  The  felspar  is  in  oi)hitie  relation  to  the  ferro-maKne^ian. 
The  n>ck  is  aimilar  to  [j^^gjl;  like  it,  it  is  of  the  enstatite- 
nii.trite  serien. 
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Tile  spt'i-imeii  isttliyperslliene-ulivine  gabbro  or 
<i  1  i  V  i  n  e  -  n  o  r  i  t  e,  anii  botli  H[>epiinen8  closely  resemble  the  norite 
I'mm  Norsemun,  an<l  are  probsblv  ^neticnlly  connected  with  it. 

[jJjg]    Four  miles  west   of  Li^litnin^'  Rock.     Dyke  in  gran- 

«"  fi.W- 

A  medium  to  line-gained  black  rock  similar  to  [uSt]  ^^^ 
liner  in  ^ain. 

S.     The  chief  constitueuts  are  anjfitv  mui  felspar. 

The  fornier  in  in  large  aii'l  small  Krai>iB  and  plates,  Folourlees  in  hsc- 
liuii,  iin<l  ori'asi  oil  ally  ahoiving  a  tenilency  to  crystallise  boimdarieB,  while 
the  loritx  are  j^nerally  frcKli,  I'omp  show  a  margin  of  green  chlorite  ani] 
liirely  of  ^I'een  rhioritir  hornblende,  while  occasional  Hcalee  of  tcreeii 
thiorite  anil  horuhlemle  occ'nr  in  the  felsiwthic  mass. 

The  latter  is  fairly  abundant,  inure  common  than  the  ferro-maf(- 
Hi'Hinns,  slightly  koolinised,  in  colninnur  crystals  highly  twinned  on  both 
Ihc  prricliiie  and  albite  luns  and  tit  a  smaller  extent  in  irregnlar  platen 
with  uneven  extinction  and  twinning.     The  B|>ecieii  is  about  bytownite. 

There  are  small  areas  of  a  micni-pegniatitii'  intergrowth  of  quartz 
anil  felspar  on  both  a  very  fine  and  a  fairly  coarse  sc^e,  wiiile  a  little 
interstitial  quart e  also  ofcnrs. 

i-'lakcH  of  brown  bintite  are  not  infrequent,  and  apatite  neeilles  as 
well  as  large  grains  of  black  iron  ore  (probably  ilmenite)  are  quite 
cnnniion.  I^encoxene  in  this,  as  in  the  other  previous  dolerites  of  this 
M-ries.  is  not  noticeable. 

'I'licie  is  a  pronounceil  ophitic  stmctnre  in  the  rock.    (Fig.  Ii9,) 

Pig.  -'5ft. 


nto:    n.  A    Farquhnr^mi.  Neg.    1C31. 

,,1  The  mlero-pcgmatltlc  qiurti-dolerlta. 
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Tilt  rock  is  a  micro- pe^rmatitic  (|iiartB  dolerite, 
H-itli  Aakea  of  biotite. 

Wai]  '%  ""'^  *<""*''  *>*'  Bentley  HiU.    Dyke  in  granite  [j^i]. 

A  fresli,  ine<1jum-^'Tained  nw^k  witli  numerous  reflecting  surfaces 
iif  au^te  and  felspar  crystals. 

S.     The  chief  conatituents  are  aiigite,  olivine,  and   felspar. 

The  audits  ia  iii  anhedral  plat«B  of  a  grayish  or  a  reddiah-violet 
colour,  extremely  cloudy  and  opaque  from  the  presence  of  a  dense  dual. 
There  ia  often  a  distinct  schiller  atructure  in  the  forme. 

The  olivine  is  in  rounded,  oval  and  irregfular  Kraina,  trith  numeroua 
cracks  and  at  times  a  faint  achiller  stiiictiire.  Dec oni position  of  the 
mineral  is  frequently  pronounced,  the  proiliicts  being  Ktrings  of  black 
mafcnetite  granules,  some  chlorite  scales  and  a  brownish  or  reddish  bio- 
titic  mineral  referred  to  iddiagsite.  Rarely  a  small  plate  of  a  mineral 
very  similar  to  the  olivine,  but  with  an  apparent  cleavage  and  straight 
extinction  on  this  clea^'age,  is  to  be  observed  and  is  referable  with  donbt 
to  hypersthene.     Some  )ilates  of  brown  biotite  are  noticeable. 

The  felspar  is  very  abunrlant,  in  very  well  outlined  columnar  crystals 
forming  a  plexus,  ami  slightly  kaolinised.  The  species  is  about  by- 
towiiite,  and  both  albite  and  pericline  lameltation  occur.  Tn  some  of  the 
forme  there  is  irregularity  both  in  the  extinction  and  in  the  twinning. 
Ajiatite  needles  and  grains  of  iron  ore  are  fairly  common,  but  quartz  is 
apparently  absent.     (Fig.  60.) 


I'holn:    If,  A.   Farqiiharson.  Neg.    11)32. 

{[,'^sl  Tbe  opbltie  oUTi]ie-4lolerlt«  dyka  io«k. 

Tlje  Bhiictiire  of  Hie  riH'k  i«  pronouncedly  ophitic.    The  rock  is 
1  u  p  li  i  t  i  c   o  I  i  \'  i  n  e  -  il  o  1  e  r  i  t  e  with  biolile  flakes. 
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tilfeg^]  ^^  chains  south-west  of  Camp  43.  From  a  line  of  boul- 
ders apparently  marking  the  site  of  a  dyke  intruding  granite  like 

[y^].  .... 

A  fairly  fresh,  medium-grained  black  rock  with  numerous  re- 
flecting surfaces  of  augite  and  felspar  and  a  little  brown  iron  stain- 
ing. 

8.  The  chief  constituents  are  augite  and  felspar.  The  former  is  in 
fairly  large  irregular  platy  forms,  nearly  all  of  which  are  characterised 
by  a  greyish  or  pinkish-violet  colour  produced  by  countless  minute  scales 
and  needles  arranged  with  their  long  axis  paraJlel,  and  appearing  as  a 
fine  dust.  This  dust  frequently  produces  a  schiller  effect.  Some  of  the 
plates  show  a  border  of  green  chlorite,  others  are  almost  completely  al- 
t<»red  to  green  scaly  chlorite  with  an  interior  of  black  magnetite  or  titano- 
luagiietito  dust,  and  others  are  probably  altered  to  green  pleochroic 
hornblende.  Associated  with  the  green  chlorite  and  with  aggregates  of 
grains  of  iron  ore  are  scales  £ind  flakes  of  brown  biotite.  The  chlorite  is 
frequently,  especially  near  the  iron  ore,  heavily  stained  brown.  Oc- 
casionally, orthopinaeoidal  twinning  is  j>resent  in  the  augite.  The  fel- 
spar is  more  plentiful  than  the  ferro-niagnesians,  is  most  commonly  in 
long  columnar  crystals  forming  a  plexus,  and  is  slightly  turbid  from  the 
kaolinisatibn.  The  columns  show  both  albite  and  pericline  twinning, 
and  the  species  is  a  very  basic  one,  about  bytownite  or  basic  labradorite. 

There  is  a  well  marked  ophitic  structure  in  the  rock,  the  felspar 
colnuins  being  often  partially  or  completely  moulded  by  the  augite. 
There  is  a  little  interstitial  quartz  in  small  grains  and  plates,  and  apa- 
tite needles  of  some  size  are  not  uncommon. 

The  rock  is  a  rather  coarse  ophitic    quartz-dolerite, 

with  flakes  of  brown  biotite. 

2.    Basaltic  Dolerite. 

[  J^^]  Near  Fort  Welcome  Spring,  Cavenagh  Range. 

A  very  fine-grained,  nearly  black,  basaltic  rock. 

S.  Consists  of  a  dense  mass  of  minute,  nearly  colourless,  pale- 
green,  fibrous  prisms  of  hornblende  in  which  are  small  thin  short  laths 
of  turbid  felspar.  The  mass  is  to  a  small  extent  charged  with  grains 
and  strings  of  magnetite.  In  it,  further,  are  some  obscure  chloritic — 
and  in  some  cases  apparently  six-sided — phenocrysts,  some  small  fibrous 
hornblende  phenocrysts,  and  some  apparently  platy  phenocrysts  of  fel- 
spar which  are  obscured  by  grains  and  rods  of  the  hornblende. 

The  rock  is  much  decomposed.  The  structure,  however,  was  appar- 
ently originally  finely  doleritic. 

The  rock  is  a  weathered  form  of  a  fine-grained  basaltic 
dolerite  of  phenocrv^stal  character,  in  which  the  original  granu- 
lar augite  has  been  altered  to  fibrous  hornblende  and  ferro-mag- 
nesian  phenocrysts  to  chlorite  as  well  as  to  hornblende. 

fn^Wl   -^^^o^^*  seven  miles  east-south-east  of  Camp  49.* 

A  much   decomposed,  dirty  brownish-green,  fine-grained  rock. 

S.  The  rock  has  been  much  decomposed  but  consists  of  a  rather 
coarse  plexus  of  columnar  or  lath-shaped  felspars,  considerably  obscured 
>>v  aggregates  of  yellowish  and  .veil o wish- green  chloritic  scales  amongst 

•  Two  iipecimens,  taken  a   few  yards  apart,  bear  the  same  number  ;  the  other  Is 
descrtbed  on  page  174. 
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which  or<^aaionat  greyish- violet  grains  and  prisms  of  fairly  fresh  augits, 
granular  magnetite  and  granular  ilmeuite  surroun<leil  by  leucoxene  oo- 
cur.  The  felspars  are  mostly  kaoliniseil  and  nearly  isotropic.  There  i> 
much  yellow  iron-staining  espei'ialiv  in  the  ehtoritic  patches,  an*)  ii**iii« 
of  apatite  are  frequent.  A  few  quartz  grainB.  probably  of  foponilarj 
origin,  appear  in  the  plems. 

The  structure  of  the  rock  n-as  uniloubtedly  ophitic. 

The  rook  is  a  much  altered,  chloritised  opiiitic  dolerite 

[iisa]  ^'"*  about  four  miles  west-son tli- west  of  Camp  57 
(near  Mt.  Aloysius). 

A  fine-grained,  almost  black,  basaltic  rock. 

S.  In  section  it  proves  to  be  a  flne-graiiieil  ophitip  doleritc,  identical 
with  the  Sandstone  dolerite  (anil  Meekatharra  dolerite)  biit  sonieirhit 
weathered — chloriti  sed . 


C— TowNSENFi  Rance  SF.Rif:.'^, 
I.    Sedimentary  Roeks. 

[joVir]     ^Va  miles  north-east  of  Deiiot  ramji. 

A  medium- textured,  fragmental  rock  made  up  of  manii'  liver- 
brown,  blackisli,  greenish,  roundeil  an<l  an^ilar  fragipents,  with  a 
cement  that  is  generally  fine-prained  and  greyish,   but  somelinif^ 


185 

calcareous.     The  rock     shows  a  resemblance  to  a  '•'pudding-stone'* 
conglomerate. 

S.  Undoubtedly  a  volcanic  agglomerate  consisting  of  rounded  and 
angular  fragments  of  various  volcanic  facies;  of  pinkish  glassy  material 
of  fine-grained  dolerite;  of  quartz-porphyry;  of  flinty  microcrystalline 
quartz;  of  a  black,  dense,  probably  doleritic  or  andesitie  type  such  as 
occurs  on  the  margins  of  some  dolerite  dykes  at  Sandstone  and  Cue;  of 
glassy  forms  partially  altered  to  greenish  isotropic  chlorite;  of  angular 
quartz  crystals  and  felspar  crystals,  and  fragments  altered  partially  to 
granular  zoiaite;  of  forms  composed  of  a  plexus  of  felspar  microlites 
with  interstitial  pale  green  albite;  of  dense  black  andesitie  forms: — all 
in  a  sparse  matrix  composed  in  part  of  nearly  isotropic  glassy  material, 
AorneiinicR  with  indistinct  flow  lines  and  altered  to  zoisitic  material,  and 
m  part  platy  calcite  and  chlorite.     (Fig.  61.) 

Many  of  the  forms  of  the  fragments  show  only  partial  crystallisa- 
tion and  were  obviously  only  emerging  from  the  glassy  condition  at  the 
time  of  consolidation.  A  bending  of  the  lamellation  of  the  calcite  plates 
is  occasionally  visible.  The  rounded  character  of  many  of  the  forms  is 
duo  either  to  rolling  in  the  volcanic  vent  or  to  attrition  after  settling, 
probably  under  water. 

The  rock  is  undoubtedly  a  basic  volcanic  con- 
glomerate of  andesitie  or  basaltic  nature. 

A  full  description  of  the  fragments  will  be  entered  upon  later. 
It  may  be  said  here,  however,  that  the  quartz-porphyry  fragment  ob- 
ser\-ed  is  fairly  certainly  similar  to  the  porphyries  already  described, 
and  that  some  of  the  doleritic  fragments  closely  resemble  one  of  the 
dvkes  in  the  gneiss  and  gabbro  and  the  brownish  rock  from  Table 
Hill. 

[yy^]  '^wo  miles  north-east  of  Frank  Scott  Hill. 

An  obviously  clastic  rock  of  dark-grey  colour,  consisting  of 
rounded  black  fragments,  at  times  an  inch  square  in  cross  section, 
at  other  times  quite  small;  at  times,  especially  in  the  case  of  the 
larger,  distinctly  porphyritic  and  resembling  some  of  the  Warburton 
acid  porphyries;  at  other  times  dense  black — all  enclosed  in  a  fine- 
grained, dark-grey  siliceous  matrix. 

S.  In  section,  the  distinction  between  pebbles  and  matrix  in  hand 
.specimens  is  seen  to  be  more  one  of  degree  than  of  kind.  There  are 
large  roi.nded,  angular  and  irregular  fragments  of  various  rocks  sur- 
rounded by  an  apparent  matrix  of  rounded  grains  of  clear  quartz  and 
Hmall  fragments  of  clouded  felspar,  but  amongst  the  latter  are  smaller 
fragments  similar  to  the  larger  forms.  The  round  quartz  pebbles  and 
the  small  felspar  fragments,  however,  are,"  in  places  cemented  together 
by  a  fine  granular  quartz  matrix,  so  that,  as  regards  structure,  the  rock 
is  composed  of  large  rounded,  angular  and  irregular  forms  enclosed  in  a 
matrix  of  round  quartz  and  more  or  less  angular  fragments,  and  this 
matrix  is  itself  cemented  together  by  fine  granular  quartz  mosaic. 
(Fig.  62.)     The  larger  fragments  consist  of: — 

1.  Acid  porphyry  composed  of  clouded  felspar  phenocrysts  in  a 
fine-grained,  dense,  nearly  Isotropic  ground-mass  of  small  plates  ob- 
.s<*nrpd  l>j  a  minute  dust  but  presumably  of  felspar,  with  a  few  recog- 
nisable plates  of  quartz.  This  porphyry  closely  resembles  certain  varie- 
ties of  the  Warburton  porphyries,  the  facies  best  described  as  felspar 
fjorphyries. 


2.  Similar  amaller  fontis  pinkiah  in  aeption,  but  without  pheno- 
crysU.  Some  of  these  consist  wholly  of  a.  minute  plexus  of  indistinrt 
felspar  laths  with,  in  some  cases,  undulatory  or  wavy  extinction.  Others 
are  practically  crystalline. 


3.  Other  forms  are  roiin<1e<l  nr  oval  ami  dense  black,  apparent!.^ 
from  black  iron-ore   ilust. 

4.  Others  consist  of  a  plexus  of  felspar  laths  or  needles  with  tl»' 
interspaces  occupied  by   dense   bla«k  material. 

5.  fionie  are  j^ellowisli  pink,  almost  quite  isotropic  and  obseiin''l 
by  flue  black  diist.     These  somewhat  resemble  glassy  fragments. 

The  smaller  fragments  consist  of  forms  generally  similar  to  the-*, 
but  in  addition:  — 

1.  Bound  quartz  grains. 

2.  Rounded  and   angular   felsjiar  crystals. 

3.  Fragments  of   a  micropeginatite. 

The  fine-grained  matrix  consists  larRely  of  quartz  mosaic,  but  wit!: 
fels|)ftr  grains,  and  in  places  green  chlorite  scales,  and  scaly  aggr^jate* 

The  rock  is  a  conglomerate  of  which  the  fragments  are 
chiefly  aeid  porphyry,  and  of  wliieh  the  matrix  consists  of  roun.l 
quart!!  and  fewer  felspar  forms,  themselves  cemented  together  by  a 
fine-grained  quarts,  or,  in  plaees,  quarlr.-felspar  mosaic. 

[j^^j.)    At  foot  and  to  south  of  Cassidy  Hill. 

A   fine-graineil,  greyish-green  ailiecous  gritty  rock. 
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S.  Consists  (^liiefly  of  many  very  amalE  angular  and  rounded  grains 
"t  quartz,  and  considerably  fewer  grains  of  slifthtly  kaolinised  plagio- 
rlasa  felspar,  all  cemented  togetlier  hy  an  extremely  flne-jjrained  matrii 
ot  minute  araiuM  or  plates  of  quartz  forniintj  &  kind  of  mivro-crystallina 
mosaic.  Hcattered  more  or  lo-'s  comiuonly  tbrough  this  mass  there  are 
also  scales  of  green  clilorito,  ^raius  of  black  iron  ore,  rods  and  grains 
of  epidote,  small  fragiiienta  of  a  mineral  referable  to  leucoxene,  mnall 
scales  of  colourless  muscovite  and  minute,  opaque  gray,  granular  aggre- 
gates referred  to  zoisite. 

The  structure  ot  the  rook  is  clearly  clastic,  witb  a  secondary 
silieeotis  cement.     (Pig.  63.) 

Fig.  63. 


Photo ;    R.  A.  Fsrqohan.on,  Keg.    1635. 

[,o'jj]  The  One-gralnad  ohlorlUo  gril. 

The  rock  is  a  flne-grained  chlorilic  quartz-felspar  Rrit. 

[j^]  at  foot    and  to  soiitli  nf  Cassidy  Hill. 

A  dark  brownish -black,  rallier  line -grained  pritty  rock. 

S.  Consists  of  numerous  small  rounded  and  angular  quartz  grains, 
larger  and  angular  kaoliniaed  felspar  grains,  and  angular,  sometimes 
blackened,  fragments  of  an  indistinct  rock  type  obscured  by  tbo  black 
dust,  in  a  fine-grained  cloudy  kaolinic  and  sericitic  mass  whicb  is  at 
times  in  platy  form,  and  at  others  in  strings  round  the  grains.  It  is 
doubtless  due  to  the  alteration  of  the  felspar  of  the  mnsx  or  matrix. 
The  sericitie  strings  are  arranged  in  more  or  less  parallel  alignment  as 
if  produced  by  dynamic  stress.  Some  greenish  and  yellowiah  chloritic 
scales  occur  in  places  in  tbe  section.  The  matrix  encloses  one  large 
angular  fragment  of  a  fine-grained  felspathic  rock  with  few  phenocrysts 
and  obt-cured  by  black  granules  which  in  places  form  a  dense  black 
mass-  The  phenocrysts  of  thb  form  are  all  small  and  very  ragged,  but 
the  form  resembles  some  varieties  of  felspar  porphyry. 
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There  is  little  doubt  that  the  rock,  though  mach  weathered, 
is  a  sericitic  quartz-felspar  grit  with  enclosed  rock 
fragments. 

l^^^^]    5V4  miles  north  of  Depot  Camp. 

A   rather   fine-grained,   greenish,   gritty   rock,   with  indistinet 

reflecting  surfaces  of  car}K)nate.    Parts  of  the  specimen  are  banded 

by  much  finer,  dense  bands  of  flinty  appearance. 

B.  Consists  of  a  mixture  of  greenish  chloritic  flakes^  granular  ani 
irregular  platy  carbonate,  small  angular  and  irregular  fragments  ot 
quartz,  and  occasional  fragments  of  felspar,  rounded  brownish  an! 
black  earthy  isotropic  forms,  and  small  rounded  forms  of  microcrystal 
line  or  cryptocrystalline  silica.  Structure  is  indefinite,  mainly  gramiLir 
or  fine  platy;  and  the  general  microscopic  characters  are  obscure. 

The  rock  appears  to  be  a  chloritic  calcareous  grit. 

but  the  sedimentary  or  clastic  character  is  not  distinct.    It  is  ^^ 

sible  that  the  rock  is  a  highly  altered — ehloritised  and  carbonated- 

foi-m  of  an  original  amphibolite,  but  this  is  less  probable  than  th' 

foimer  view.     The  crystalline  character  of  much  of  the  carbonate 

suggests  that  a  recrystallisation  of  the  granular  carbonate  has  taker. 

place  to  some  extent. 

tioV^]    About  seven  miles  north-east  of  Depot  Camp. 

The  partially  crystalline  fine-grained  calcareous  grit  des<ril>r 
above.  There  is  a  kind  of  banded  structure  in  the  section  in  ordiu" 
light,  due  to  lines  of  grains  of  iron  ore  (ilmenite,  etc.) 

[_JL^]     About  five  miles  north-east  of  Depot  Camp. 

A  fine-grained,  dull  grey-green  rock,  with  a  suspicion  of  >1^^- 
structure  and  a  gritty  appearance. 

S.     In  ordinary,  light,  it  consists  of  numerous  small,  mostly  anpi-; 
grains  of  quartz  and  fewer  of  felspar,  m  an  opaque  dusty  mass  in  ^^h' 
scales  of  greenish  chlorite,  small  ragged  plates  of  calcite  and  vari"> 
more  dusty  round  and  irregular  outlined  forms  occur. 

In  i>olarised  light,  there  are  the  grains  of  quartz  and  felspar,  sn* 
grains  and  patches  of  calcite,  and  a  little  mJcacised  felspar,  in 
matrix  that  is  almost  completely  isotropic,  but  in  which  ijidistinci  o^* 
lines  of  dense  f ragmen tal  forms  can  be  seen.  With  high  powers,  'i^' 
isotropic  mass  is  seen  to  consist  in  part  of  chlorite  scales,  in  part  <• 
zoisitic  grains,  in  part  of  kaolinic  or  earthy  material. 

The  structure  of  the  rock  is  distinctly  fragmental. 

The  rock  is  best  described  as  a  chloritic  earthy  gr\'- 
or  better,  as  a  fine-grained  chloritic  gritty  greywaek- 

[__!_._]    Townsend  Range,  near  Depot  Camp. 

A  pinkish,  fine-grained,  granular  quartz  rock. 

S.     Consists  of  very  small  rounded  quartz  grains  of  uniform  « ^ 
cemented  by  a  small  development  of  quartz  that  is  in   places  sli^^*'* 
reddish  or  pinkish  from  iron  oxide.     The  secondary  cement  not  al^"'-^ 
visible.     Uneven  extinction  is  noticeable  in  some  of  the  grains,  but  i'' 
in  most. 

The  rock  is  a  sedimentary  compact  q  u  a  r  t  z  i  t  e  of  ven'  fvr^ 
grain. 
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2.     Voleanic  Rocks. 

[iV^^l    "^^'^  ^*-  Herbert  (see  Fig.  43). 

A  flne-sTTHirieil.  dnit-green  rock,  wibli  frequent,  sroall.  rounded, 
.vellow  areas,  Kome  epidotic,  some  Koisitie,  and  otliers  quartzose. 

8.  The  mass  of  the  rock  uonsists  of  a  fine  pleJtus  of  laths  or  small 
ulender  rods  of  felspsr  witli  the  interspaces  oMiipieil  by  a.  binck  dust 
I'robabt?  magnetite,  a  few  green  chloritic  scalen  and  flakes  and  small 
tfrains  and  granular  insHses  of  yellow  epidote.  In  some  portions  of  the 
sliiit'  tlio  plexus  is  very  minute,  the  felspars  bping  only  oeedles.  Suit- 
able sections  for  determination  of  the  felspar  are  rare,  but  the  species 
is  at  l<liat  av  basic  as  andesite.  Augite  was  not  definitely  recognised,  but 
mnie  Kreyish  opaque  granular  forn>s  may  represent  it,  though  many  of 
these  ate  undoubtedly  epidotic. 

Thp  rounded  .vellowish  forms  are  mostly  composed  of  ftranular  and 
plaly  epidote  and  platy  quartz,  but  in  some  granular  zoiaite  is  to  be 
>Fen  and  in  others  granular  calcite,  while  oi>CBBioDally  some  small  platy 
liirbid  felspar  is  associateii  with  the  quart*.  From  their  form  and  com- 
position thej  appear  to  resemble  more  closely  infilled  pores  or  vesicles 
than  decomposed  phenocrysta.     <Fig.  64.) 

Fig.  64. 


The  structure  of  the  rock  is  fine  plexal,  and  would  be  ophitic  i. 
granular  augite  were  distinct.  The  structure  is  very  similar  to  that  ii 
the  dense  black  varieties  of  the  Cue  and  Sandstone  intrusive  dolerite. 

The  rock  is  an  epidulised  and  diloritised  line-grained,  basal 
tic     dolerite. 
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frr?4:]    near  Mt.  Herbert  (see  Fig.  43). 

A  fine-grained,  greenish-black  rock,  with  numerous  small 
rounded  vesicular  carbonate  forms  and  occasional  small  patches  of 
yellow  epidote. 

S.  The  rock  is  very  similar  in  section  to  [nS^l*  eonsiating  of  a 
fine-grained  plexus  of  thin  laths  of  felspar  separate*!  bj  dense  granular 
dust  of  iron  ore,  in  which  granular  and  ocx^asional  platy  epidote  and 
zoisite,  and  small  patches  of  green  chlorite  occur.  There  are,  again 
occasional  rounded  vesicular  forms  as  in  [yiVfl  ^"*  ^  *he  present 
case,  they  are  filled  with  calcite  though  usually  with  a  border  of  granu- 
lar epidote  or  zoisite.  A  few  quartz  and  possibly  albite  grains  also 
occur  in  the  calcite.  The  tendency  to  a  porphyritic  development  of  the 
felspar  as  stout  short  laths  is  more  pronounced  than  in  [yyi^l*  ^nd 
the  plexus  is  generally  finer-grained.  Interspersed  through  the  iron  dii^ 
is  much  opaque  grey  granular  zoisite  The  chlorite  most  probably  repre- 
sents original  augite.  A  very  little  quartz  occurs,  doubtless  as  a  decom- 
position product. 

The  structure  of  the  rock  is  finely  ophitic. 

The  rock  is  a  fine-grained,  vesicular  epidotiseil 
d  o  1  e  r  i  t  e,  with  calcite  vesicles.     Tt  is  genetically  connected  with 

[^^1^-^]  near  Mt.  Herbert  (see  fig.  43). 

A  dull  blackish-green,  medivim-gi'ained  rock,  with  numerous 
small,  black  chloritic  patches  in  the  lighter-green  mass,  and  with 
occasional  crystals  of  carbonate,  and  patches  of  yellow  epidote. 

S.  The  rock  is  considerably  decomposed,  but  consists  of  a  fint* 
grained  i)lexu8  of  obscure  felspar  laths,  obscured  by  chlorite,  niuncrocs 
small  opaque  grey  granular  aggregates,  and  grains  of  iron  ore,  and  coii- 
tainmg  Jarge  irregular  green  chlorite  patches  with  associated  yellow  epi 
dote  grains  and  occasionally  large  plates  of  a  carbonate  more  or  less  en- 
closed by  the  chlorite,  and  less  distinct  finely  fibrous  ragged  homblendi«' 
plates. 

The  felspar  laths  or  rods  are  in  part  chloritised,  in  part  kaolinised. 
The  oi)aque  grey  grains  consist  of  minute  granular  zoisite  or  epidote 
and  have  been  derived  from  decomposition  of  the  felspar. 

The  large  chlorite  and  chlorite-carbonate  patches  appear  to  repre- 
sent what  were  originally  ferro-magnesian  i)henocrysts  (augite),  and  the 
liorubleudc  plates  are  doubtless  altered  forms  of  the  same  mineral.  A 
curved  or  bent  structure  is  noticeable  in  most  of  the  hornblendic  ragge*! 
plates,  the  result  of  dynamic  strain. 

Green  chlorite  often  occurs  in  small  patches  interstitial  to  the  fel- 
spar laths. 

Rarely,  a  large  rounded  form  is  to  be  seen  consisting  of  a  border 
of  green  chlorite  surrounding  platy  felspar  objured  by  fine  scaly 
chlorite,  and  with  platy  granular  epidote — a  fact  suggesting  an  origin 
ns  vesicles  for  some  of  the  forms. 

The  structure  is  minutely  ophitic  or  plexal,  and  the  rock  is  a 
fine-grained,  chloritised  and  epidotised  dolerite,  prob- 
ably originally  with  augite  phenocrysts. 

[_^^-_]    eight  miles  north-east  of  Depot  Camp. 
A    fine-grained,    dull    greenish-black    rock,    with     occasional 
blackish  chloritic  patches. 
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S,  The  rock  is  much  decomposed,  but  consists  of  a  very  obscure 
plexus  of  zoisitised  and  chloritised  columnar  or  lath-shaped  felspars 
with  pale  green  scales  and  patches  of  isotropic  chlorite,  grains  and  rods 
of  epidote  and  zoisite,  numerous  small  opaque  grey  granular  zoisitic 
aggregates — the  result  of  alteration  of  the  felspar — and  grains  of  il- 
iiieiiite  surrounded  or  re])laced  by  leucoxene.  Irregular  grains  of  quart/ 
occur  sporadically  in  the  sections,  and  there  is  doubtless  a  development 
'•f  iine  granular  albite. 

In  this  mass  are  occasional  large  rounded  or  occasional  pale -green 
isotropic  chloritic  forms,  with  a  border  of  radially  extinguishing  quartz 
plates  round  spme  rods  and  grains  of  zoisite.  Whether  these  forms  are 
vesicular  infillings,  or  merely  the  alteration  products  of  ferro-magnesian 
pheuocrysts  is  not  very  clear,  but  their  shape  and  composition  seem  to 
point  to  the  former. 

There  are  undoubted  relics  of  a  former  ophitic  stioicture. 

The  rock  is  a  fine-grained,  chloritic  highly  epidotised  and 
Zoisitised  dolerite,  now  of  somewhat  indistinct  character, 
owing  to  the  advanced  decomposition. 

[^^j^iyg]  3Vi  miles  east-southeast  of  Camp  46,  near  Hughes 
Creek.    Apparently  a  dyke  intruding  greenstone. 

A  liver-brown,  fine-grained,  basaltic  rock,  with  numerous  small 
and  lai^e  rounded  vesicular  epidotic  forms. 

S.  The  rock  is  obviously  considerably  decomposed,  but  consists  of 
a  plexus  of  roda  and  laths  of  felspar  separated  by  grains  of  iron  ore,  in 
part  probably  magnetite,  in  part  altered  to  earthy  haematite,  and  fre- 
quent patches  of  yellowish  epidote  composed  of  divergent  curved  radial 
needles.  Most  of  the  felspar  occurs  as  small  sharply  outlined  rods  though 
stouter  lath-shaped  or  columnar  forms  are  not  uncommon.  The  felspars 
in  many  cases  are  partially  epidotised,  and  all  are  more  or  less  kaolin- 
ised.  Oiving  to  the  density  and  alteration  of  the  iron  ore,  there  is  no 
trace  of  original  ferro-magnesian,  and  it  is  quite  possible  that  this  rock 
fades  originally  contained  none.     The  structure  is  finely  ophitic. 

The  rock  closely  resembles  the  dense  black  almost  porphyritic  mar- 
gins common  in  connection  with  the  Sandstone  dolerite,  and  also,  so  far 
as  the  rod-like  felspars  are  concerned,  the  Bunbury  basalt. 

The    rock    is      an     epidotised    and    highly    ferruginous 

basaltic  dolerite,  probably  of  volcanic  origin. 

ln^tf/f]  2%  miles  west  of  Ainslie  Hill.  Rock  occurs  in  rounded 
lioiilders. 

A    very    fine-grained,   almost    aphanitic   liver-brown    pebble. 

Some  minute  reflecting  surfaces  appear  in  places  on  the  fractured 

surfaces. 

S.  The  rock  is  extremely  decomposed,  and  in  consequence,  the 
points  of  difference  between  various  minerals  are  largely  obscured. 
There  appear,  however,  to  have  been  phenocrysts  of  a  twinned  plagio- 
clase  and  a  ferro-magnesian  in  a  ground-mass  that  consisted  of  long 
(>olumnar  platy  and  lath-shaped  felspars,  and  ferro-magnesians  in  grains 
or  small  anhedral  forms.  All  the  felspars  have  been  rendered  turbid 
by  kaolinisation  an8  the  ferro-magnesians  are  altered  to  fine  scaly  chlor- 
ite and  reddish  or  brownish  iron  ores.  Everywhere  throughout  the  sec- 
tion there  are  sparse  aggregates  of  thin  acicular  felspar  laths  such  as 
oociir  in  some  fine-grained  basalts.  Some  of  the  ferro-magnesian  forms 
show  no  cleavage,  and  no  crystalline  margins,  but  are  rounded,  irregular 
and  cracked,  and  may  possibly  represent  olivine. 
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Tlie  structure  of  tlie  rock  is  hidistiuet,  but  there  anfiears  to  lia*t 
lieeii  a  fels|'ar  plexus  in  tlie  rnasa  with  aiiliedral  fi'rro-iiia«nesian  ]iMv> 
hetween  the  felH|iar9,  so  that  the  structure  may  have  been  souKVchat 
ophitic,  or  e^en  somewhat  porphyritic. 

Tlie  rock,  so  far  ns  can  be  made  out,  is  a  nmeli  altered,  some- 
what porpliyritie  basalt  or  basaltic  dolerite.  In 
some  respeels  it  resembles  tlie  doleritic  or  basiiltic  facies  at  Table 

Hill. 

[rt'4?]    a'>">"'  two  miles  north-north-east  of  Table  Hill. 

A  dark  brown,  medium-ffrained  rock  with  a  reddish  tint. 

S.  ConsistB  of  fairly  large  irregular  platy  crystals  of  colourlps-* 
augtte,  anil  rarely  of  altered  felspar  in  a  icround  maile  up  of  a  liue 
plexus  of  small  thin  laths  of  felspar  separated  by  Rfanular  ehloriti»>ei1 
auRite.  The  large  augite  piptes  are  all  more  or  less  cut  up  hv  inter- 
pen  1^  rating  felspar  laths,  and  in  some  plaees  the  plat«s  consist  of  de- 
tached fragments  separated  _by  the  laths,  but  the  optiral  footinuitv 
]iroveh  them  to  have  been  portions  of  the  one  [date.  The  augite  in 
places  has  been  altered  to  green  isotropic  chlorite,  in  some  cases  to  a 
deep  green  chlorite  resembling  delessite. 

Rarely,  there  is  a  large  phenocryst  of  felspar  obsoured  a«  to  it-i 
optieal  characters  by  much  micacisation  and  a  rertain  amount  of  i-hlor- 
itisation.  Olivine  was  not  observed,  unless  represeuted  by  small  round, 
brown-red,  cracked  chloritic  forms.      (Fig,  6.'5.1 


[■t^\^^  The  rather  coarM  mieaelsed  basallle  aolerlta 
with  U)  approach  to  porphyrltle  siruotun  tn 
augll«  and  lelspar  cryilals. 


The  HtruptiiTO  is  finely  ophitir,  Imt  tliere  appear  to  be  two  genera- 
tions in  the  felspar,  anil  the  platy  aitgite  ent  into  BmaJl  fragments  hj 
the  felajiar  latlia  fives  an  appearance  of  two  geiieratioBS  in  the  augite, 
an  appearance  whicii  is  strengthened  by  the  presente  of  some  iindoubted 
granular  aiigite,  though  the  aiigite  plates  laek  crystal  boundaries. 

The  rock  is  i-leariy  a  fairly  coarse  basaltic  dolerite, 
iiiili  an  appi'oaeb  to  porpbyritic  structure,  especially  in  the  fel- 

fillB]  ""**"*  ^'^'2  ""''**  nortli-uoi-tli-east  of  Table  Hill. 

Similar  in  appearance  tu  [^^^,J  but  much  finer  in  grain  and 
with  occasional  apparently  plieinx'rygtal  felspar  crystals  showing, 
as  well  as  what  appear  to  be  small  bluisli  quarts  grains. 

S.  Ohvioualy  a  flne-graineii  variety  of  f  iVj,!  ,  but  with  more  pro- 
noituccd  [lorphyritic  crystals  of  kaolinised  felspar.  The  augite,  however, 
is  not  in  large  interpenetrated  plates,  bnt  in  grains.  The  quartz  grains 
are  resen-ed  for   further  investigation. 

The  rock  is  a  flne-graineii  basaltic  dolerite,  stained 
bi'iiwn-red  by  the  oxidised  ii'on  of  the  augite. 

[tiWl  *''""'  *  quarter-mile  north-north-east  of  Table  Hill. 

A  fine-grained,  dark-red  oi-  brown  rock,  with  numerous  globular 
white  sphcniles  of  quartz,  some  with  a  white  quartz  marsrin,  and 


i^l  Fine-grained  lerruglnou  vtsleulu  bualtlo 
dolerite,  with  quartz  veaiciea  and  occasional 
l«bpar  pheDocrysts. 
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ail  empty  interior,    others  with  the-  interior  filled  with    pointed 
quartz  crj'stals  as  in  geodes,  others  filled  entirely  by  white  quartz. 

S.  The  sections  are  obscured  by  a  fairly  dense  granular  dust  of  a 
brownish-black  colour  by  incident  light,  but  there  appear  a  few  pheno- 
crysts  of  felspar  and  several  circular  quartzose  vesicles  in  a  fine-grained 
ground  consisting  of  a  loose  plexus  of  thin  felspar  laths  and  minute 
hair-like  needles  of  felspar.  By  higher  powers,  however,  these  latter 
are  not  so  apparent  and  it  is  probable  that  they  are  the  result  of  the 
brownish  dust  obscuring  portions  of  the  felspar  laths.  By  high  powers 
the  plexus^  is  wholly  made  up  of  the  fine  laths.  In  the  ground  are  some 
fine  scales  of  a  micaceous  character,  but  no  definite  trace  of  augite  or 
any  ferro-magnesian  is  observable.  It  is  probable,  however,  that  the 
small  ferruginous  aggregates  in  the  slides  represent  what  was  formerly 
augite,  especially  as  in  [yiVff]  "^^ch  of  the  pyroxene  was  in  course  of 
alteration  to  brownish  iron  ore.  The  circular  vesicles  are  seen  to  be  com- 
posed wholly  of  quartz,  a  layer  of  fine  columnar  or  fibrous  plates  with 
their  length  normal  to  the  margins  of  the  vesicle  giving  place  towards 
the  interior  of  the  vesicle  to  a  platy  quartz-mass. 

There  is  little  doubt  that  these  vesicular  forms  represent  vesicles 
filled  in  subsequently  by  the  quartz.     (Fig.  66.) 

The  structure  of  the  rock  is  that  of  fiie-grained  basaltic  dolerites 
or  augite-andesites  with  intersertal  structure. 

The  original  character  of  the  rock,  however,  is  not  very  clear, 
being  much  obscured  by  chemical  decomposition.  From  the  general 
character  of  the  rock,  the  plexal  character  of  the  felspar,  the  prob- 
able ferruginous  pseudomorphs  after  augite,  the  presence  of  rare 
felspar  phenocrysts,  and  the  similarity  in  appearance — except  for 
Uie  vesicular  structure — between  it  and  [^jl^],  there  is  little 
doubt  that  [yA^]  represents  a  more  altered  and  more  pronouncedly 
volcanic  facies  of  the  same  rock  mass  as  [^y^]  and  [xiVffl- 

[j^]   Table  Hill. 

A  pale  yellowish-grey,  fine-grained  rock  with  faint  reddish 
tinge. 

S.  Consists  of  a  fine-grained  plexus  of  thin  closely  twinned  laths  of 
felspar,  with  small  indistinct  grains  of  augite,  some  with  schiller  struc- 
ture, the  whole  section  obscured  by  opaque  grey  kaolinic  material.  Some 
patches  are  highly  felspathic,  with  small  tabular  crystals  of  felspar  en- 
closed in  a  mass  of  laths.  An  a])proach  to  the  ophitic  structure  is  notice- 
able in  some  eases,  laths  of  felspar  being  partially  enclosed  by  the 
augite  grains.  In  some  cases,  too,  highly  twinned  laths  are  so  closely 
aggregated  as  to  give  rise  almost  to  a  feathery  appearance.  A  pale 
pinkish  tinge  is  noticeable  in  some  of  the  pyroxenes.  Some  granular 
iron  ore  is  scattered  over  the  slide  and  some  small  patches  of  yellowish 
chlorite. 

Thft  structure  of  the  rock  is  similar  to  that  in  [^t^jtI  *^d  indeed 
the  composition  is  also  similar,  but  [y^Vvl  ^^  more  decomposed,  (kaoli- 
nised)  and  resembles  a  bleached  form  of  [tAtI-  ^^  structure,  too,  it 
more  closely  approaches  the  volcanic  as  exemplified  by  certain  baaalts. 
There  is  little  doubt,  however,  that  the  two  rocks  are  genetically  the 
same,  being  facies  of  the  one  rock-mass. 

Moreover,  though  field  evidence  was  unobtainable,  there  is,  micro- 
scopically, good  reason  for  concluding  that  the  whole  series  is  genetic- 
ally connected,  that  it  exhibits  diflFerent  facies  of  one  rock-mass,  and 
that  the  rock  itself  is  of  volcanic  origin,  and  of  basaltic  dolerite  type. 
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II.— DUNGE'S  HILI^TOWNSEND  RANGE   SECTION. 

Wilkinson  Range  Series. 

[t^5t]  ^^^  ^^  *  suite  of  specimens  showing  the  variety  of 
rocks  in  boulder-hed,  Wilkinson  Range. 

A  light  grey,  semi-translucent,  quartz  rock,  composed  of  ap- 
parent grains  of  quartz  with  a  few  pinkish  grains  of  felspar. 

S.  The  rock  consists  chiefly  of  a  mass  of  small  round^ed  an^  sub- 
angular  grains  of  quartz  and  slightly  kaolinised  felspar — chiefly  brtho- 
clase  or  microcHne — enclosing  much  larger  angular  grains  of  quartz. 
In  comparatively  thick  sections,  the  clastic  character  is  more  apparent 
than  in  thin  sections.  Quartz  is  by  far  the  commonest  constituent  of 
the  rock.     Occasionally  irregular  extinction  is  visible  in  the  quartz. 

The  rock  is  a  felspathic  quartzite  or  arkose. 

m.—LAVERTON-DUNGE^S  HILL  SECTION. 
Metamorphosed  and  Igneous  Rocks. 
1.    Oreenstones. 

Irh^]  Mt.  Sefton. 

A  fine-grained,  dark-green,  minutely  acicular,  aijd  "foHated 
homblendic  rock, 

S.  Consists  of  a  dense  mass  of  small  rather  ragged  needles,  rods 
or  prisms  of  green  pleochroic  hornblende,  all  in  more  or  less  parallel 
alignment  and  interspersed  with  very  minute  grains  and  plates  of  clear 
albite,  etc.,  arising  from  the  disintegration  of  larger  crystals  of  fel- 
spar. Some  granular  «phene  occurs  associated  with  the  hornblende,  and 
some  of  the  crystals  of  the  latter  are  partially  chloritised.  Irregular 
extinction  is  noticeable  in  some  of  the  felspar  plates. 

The  rock  is  a  fine-grained  acicular  schistose  epi- 
d  i  o  r  i  t  e. 

TrdWl   three-quarter  mile  north-east  of    [•j^'j^]. 
A  dark  grey-green,  rather  coarse-grained  dioritic  rock  with 
•evident  shear  structure, 

S.  Consists  of  nXimerous  large  very  ragged  plates  and  prisms  as 
well  as  n€$iBdles  or  long  thin  prisms  of  green  hornblende,  separated  by 
more  or  less  disintegrated  columnar  and  platy  felspars.  The  large 
homblendic  plates  are  obviously  in  course  of  disintegration  to  small 
scales,  grains  and  thin  prisms,  and  some  have  a  distinctly  fibrous  struc- 
ture especially  at  the  margins. 

The  felspar  columns  and  plates  are  also  considerably  broken  down 
into  small  platy,  granular  and  smaller  columnar  forms,  and  the  result- 
ing aggregates  are  often  considerably  obscured  by  grains,  needles  and 
prisms  of  green  hornblei\de^  developed  from  the  larger  hornblende  plates. 
In  places  the  felspar  is  slightly  kaolinised,  and  most  of  the  forms  ex- 
hibit irregular  extinction  and  lamellation.  Both  albite  and  pericline 
laniellation  are  common.  The  species  present  appears  to  be  fairly 
basic,  at  least  as  basic  as  andesine.  Occasionally  the  homblendic  forms 
'frfould  the  felspBxa  iir  a  manner  resembling  the  augite  of  ophitic  doler- 
ites-   - 
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Quartz,  if  present,  is  in  onlv  small  amount. 

There  is  a  sensible  parallelism  in  the  alignment  of  the  hombleDdic 
plates. 

The  .  rock  is  a  coarse-grained,  sheared  e  p  i  d  i  o  r  i  t>  or 
amphibolite,  probably  related  to   [^jy^^]' 

2.    Granite. 

A  medium-grained,  pale-pinkish  granite,  consisting  chiefly  of 
quartz  and  pink  felspar. 

S.  Consists  of  long  platv  crystals  of  microcline,  orthoclase  and  i 
very  acid  plagioclase  about  oligoclase,  plates  of  clear  quartz  and  oc- 
casional flakes  of  greenish  chloritic  and  brownish  biotite.  The  micro- 
cline is  generally  fresh,  with  the  characteristic  twinning.  The  orthoi*la*< 
anil  oligoclase  are  commonly  turbid  from  kaolinisation  and  partial  mica- 
cisation.  There  are  inclusions  both  of  the  quartz  and  of  the  kaolini.<<^l 
species  in  the  fresh  unaltered  microcline  plates.  A  few  grains  of  blai^lc 
iron  ore   (magnetite)   are  observable. 

The  rock  is  a  medium  to  coarse-grained  biotite-micriv 
c  1  i  n  e  granite. 

frtfe^l    ^'oint  Salvation. 

A  rather  coarse-grained,  dark-grey,  granitic  rock,  with  srrey- 
ish  or  pinkish  felspar  crystals  in  a  finer-grained  mass,  hiebly 
ohar-red  with  scales  of  black  biotite.  The  rock  weathers  to  « 
yellowish   tint. 

S.  Consists  of  occasional  large  irregular  phity  crystals  of  felsiir 
surrounded  by  Fmaller  platy  and  columnar  .crystals  of  felspar  ar.'*. 
plates  of  quartz,  with  sales  and  rods  of  brownish  biotite,  occaniona' 
ragged  plates  of  green  hornblende  and  some  large  and  small  grains  vt 
spheiie.  The  larger  felspar  plates  are  in  some  cases  untwinned,  it 
others  iridistinctly  lamellated,  and  at  all  times  partially  kaolinised.  Th-' 
species  are  dilficiilt  to  determine,  but  appear  to  be  in  part  orthoclase.  in 
part  an  acid  plagioclase.  -Some  of  the  large  plates  enclose  quartz  grains 
The  finer-grained  portions  of  the  slides  which  enclose  the  large  platy 
felspars  consist  of  a  mass  of  irregular  plates  of  quartz,  and  twinn^^ 
and  untwinned  plates  and  small  columns  of  partially  kaolinised  feh\^- 
with  flakes  of  the  coloured  biotite  and  hornblende  and  associated  lari?^ 
grains  of  sphene.  In  addition  to  kaolinisation  in  the  felspars,  there  i* 
in  places  a  certain  amount  of  epiddtisation. 

Th.>  biotite  is  in  long  thin  rods  and  short  stout  flakes,  is  bro«T. 
coloured  and  strongly  pleochroic.  Small  grains  of  green  chlorite  ar^ 
noticeable  and  some  of  these  appear  to  be  altering  to  brownish  biotit*. 
The  hornblende  is  green  in  colour  and  in  places  in  process  of  alteri- 
tion  to  green  chlorite.  Sphene  is  quite  prominent  in  large  and  smaV 
wedge-shaped  crystals,  many  of  which,  have  a  pinkish  or  brownish  tint 

•  There  is  evidence  in  the  slides  of  -  mechanical  deformation  in  tt* 
presence  of  irregular  extinction  in  the  felspar  and  quartz,  and  bending 
of  some  of  the  lamellae  in  some  of  the  felspars. 

The  rock  is  a  rather  coarse-grained  biotite-hornblentlt 
granite  with  a  tendency  to  porphyritic  structure.     Tt  differs 
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from  the  preceding  granite  in  the  prevalence  of  biotite,  the  occur- 
rence of  green  hornblende,  the  structure,  the  absence  of  micro- 
dine  and  the  presence  of  a  considerable  amount  of  sphene.  It  is 
highly  probable,  therefore,  that  the  two  granites  are  not  genetic- 
ally the  same,  [j^^]  possesses  characters  which  suggest  a  closer 
resemblance  to  certain  granodiorites  than  to  granites. 


'     I 
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APPENDIX   a 


BsFEBBNcs  List  of  Specimens  Collected. 


tuSt 

TiTfT 

■nhv 
Wrr 

TTTSU 

W'Sff 
TOTvf 

tAttt 


TTJtT 


TT^l 


iW 


TTJ 


16  5  (J 

M  1 

TTJTJ 

TTTTJ 


Manning  Rook-Hole 

One  mi&  X.E.  of  Mt.  Sefton  . . 

Mt.  Sefton 

Mt.  Sefton  (}-mile  N  j:.  of  y^/^^) 

Mt.  Sefton         . .         . . 

Two  miles  £.  of  Pt.  Salvation 

Tobin  Hill 

Tobin  Hill 

30  chains  E.  of  Tobin  Hill 

Dunge's  Table  Hill      . . 

Blackfellow  Point 

"  Lake      country "       between 

Camps  17  and  18 
Lake  Yeo,  near  Camp  17 
Point  Uhr,  near  Camp  9 

Point  Salvation 

Wilkinson  Range 


Three  miles  N  J!,  of  Fetherston- 

haugh  Hill 
Two  and  a-half  miles  N.E.  of 

Fetherstonhaugh  Hill 

Casaidy  Hill 

Cassidy  Hill  (foot  of )  . . 
Cassidy  Hill  (foot  of )  . . 
Near  MiUer  Hill 

Miller  Hill        

Near  Miller  Hill 

Quarter  mile   £.SJ:.   of   War. 

burton  Cairn 
Half-mile  N.E.  of  Warburton 

Cairn 
Half  mile  S.  of  Camp  42 


T7^ 


Camp  42  

One  mile  N.W.  of  Camp  42  . . 

Two  miles  N.  of  Camp  42  • . 

Two   and   a-half   miles   N.  of 

Camp  42 

Five  chains  north  of  -n^  •• 

Five  chains  north  of  -Yjhrf  •• 

Three  miles  N.  of  Camp  42  . . 


About  4i  miles  N.  of  Camp  42 
About  4|  miles  N.  of  Camp  42 


Granite  wash 
Porphyry       •  • 
Greenstone        (epidio- 

rite) 
Greenstone  Cp.    x^^ 
Greenstone     .  • 
Sheared  greenstone 
Greenstone 
Jasper  Bar     . . 
Greenstone     . . 
Sandstone 
Claystone 
Travertine 

Encrustations. . 

Granite 

Granite 

(Ice-borne    bouldeiv — 

variety  of  rocks) 
Quartzite  boulders   .. 

Clayey  Sandstone     .. 

Porphyry 

Grit     . .         .  •         • . 

Grit 

Greenstone     . .         , . 


Porphyry 

Greenstone 

Greenstone 

Greei^stone 

schist) 
Epidiorite 

Greenstone 
Greenstone 
Quartz 
Porphyry 


(chlonte 


•  • 


Porphyry 

Porphyry 

Boulder  of  lustre- 
mottled  amphibo- 
lite 

Sheared    porphyry 

Pegmatite 


113,195 
113, 1» 

113 

113 
113 
113 


112 
113,  1-^ 
113,  N 
109,  IW 


166 
100,  N 
100.  b" 
^131. 

151 

83,  IM 


83 

82,131. 
150 


125. 1« 
125,  lt55 


• » 
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APPENDIX  B.— continued. 


Reg. 
No. 


Determination. 


Page  in 
BuUetin. 


TDFT 


toVt 

TTIffT 


T^Vff 


TUTT  J 

ttjVtt 


TtVTT 
TljS« 

tijVf 


tbVt 

1_  „ 


Wi 


«3 


:?rl; 


TilFI 


T*)i* 


T^FT 


About  4}  miles  N.  of  Camp  42 


Five  miles  N.N.E.  of  Camp  42 
Hill,  seven  miles  S.W.  of  Camp 

43 
30  chains  S.W.  of  Camp  43  . . 
1:&  chains  S.W.  of  Camp  43     . . 
"  Spring  Granite"  (Camp  43).. 
One  and  a-half  miles  N.  of  Camp 

•  "42      •  • 

One    and    three-quarter    miles 

N J:.  of  Camp  43 
Knoll  near  Camp  44    . . 
Five  and  a-half  miles  S.W.  of 

Camp  44 
Six  and  a-half  miles  S.W.  of 

*  Camp  44 
Doubtful 

Two  and  a-quarter  miles  N.E. 

of  Camp  45 
One    and    three-quarter    miles 

N.E.  of  Camp  45 
Half-mile  S.W.  of  Camp  45     . . 

Top  of  HiU  one  mile  S.W.  of 
'  <3amp  45 
Three  and  a-haH  miles  E.S.E. 

-  of  Camp  46 

Two   and   a-half  miles   W.   of 

-  -Ainslie  Hill 

Five  miles  N.E.  of  Depot  Camp 
Seven   miles    N.E.    of    Depot 

Camp 
Seven  and  a-haH  miles  N.E.  of 

•Depot  Camp 
Eight  miles  N.E.  of  Depot  Camp 
Near  Cairn  on  Aft'.  Eveline    . . 

Mt.  Weir  and  neighbourhood  . . 


Six  and  a-half  miles  E.  of  Mt. 

Weir 
Five  and  a-half  miles  W.  of  Mt. 

Squires 
Half-mile  W.  of  Bob  HiU     . . 

Bob  Hill  (near  Mt.  Squires)  . . 


Greenstone,  and  meta- 
morphosed sedi- 
ment 

Arkose 

Porphyry- 
Granite  . . 

Quartz  dolerite 

Granite 

Greenstone     . . 

Granite  .  •         .  ■ 

Granular  porphyry  , , 

Op.  TT^      .     •  • 

Sheared    gametiferous 

porphyiy  ' 
Amphibolite  . . 

Granular      porphyry 

Schist  . . 

Porphyry 

Porphyry   '     . . 

Basaltic       '  dolerite 

T 

(volcanic) 
Basalt 

Greywacke      . . 
Calcareous  grit 

Volcanic        conglome- 
rate 
Dolerite  ^ . 

Porphyry  '    , . 

Various  phases  of  the 
greenstone,  and  a 
specimen  of  por- 
phyry 

Porphyry 


95,177 
86,  152 


183 
86, 152 


86,153 

86,154 
86, 152 

86 

82,  98, 
131, 149 


95,176 

92,  125, 
167 


101, 191 

101,  191 

100,188 
100,188 

100, 137, 

184 
101, 190 
92,  125, 

162 
83,150 


Greywacke 

Felsophyre 

Intermediate    between 
granite      and     pqr- 

Phyr/ 


165 

94,  125, 
136, 174 

I  92,  125, 

i      169 
92,  126, 
169 
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APPENDIX    B— continued. 


.  No. 

Loeality.                              BeterminAtion. 

1                                         1 

Page  in 
BuUptin. 

i«Vf 

Seven  milfts  E.S  JI.  of  Camp  49 

Agglomerate  and  dole- 

H*.  »'5. 

rite 

99.  136, 
174,  lb3 

i^Vv 

Creek,  o^e  mile  S.  of  Mt.  Squires 

Granite           . . 

92,  ITf     i 

Cairn. , 

1079 

Near  Calm  on  Mt.  Squires    . . 

Micropegmatite      •   . . 

92, 171 

Wffl 

C^rap  5^.  (E.  of  Mt.  Squires)  -. . 

Granite  *         .  •          •  • 

92. 172 

t^Vt 

Fpur  and  a-half  miles  N.E.  of 
Camp  51 

Granite 

ToVl 

Cohn  Hill           . .         . .         . . 

Granulite 

itjVt 

Cohn  HiU,  E.  of  y^Vi 

?  Granulite     .. 

'toVt 

Cohn  Hill,  E.  of  ttjVt 

Granulite 

87.  151J 

TuVv 

Cohn  Hill,  E.  of  tt,Vt 

?  Granulite     .. 

87,  yi» 

11^  T 

I.iightning  Rock 

Granite 

155 

TuW 

C^mp  53,  Cavenagh  Range    . . 

Olivine  norite 

132,  ITS 

■njftff 

Fort  Welcome,  Cavenagh  Range 

Olivine  norite 

97.  13t 

17S 
97,9*. 

tVbts 

Fort  Welcome,  Cavenagh  Range 

Basaltic  dolerite 

1 

99,  b1 

'.  WHT 

Fort  Mueller,  Cavenagh  Range 

Norite 

132.  ITH 

ttSi 

Si^c  and  a-half  miles  NJ:.  of 

Porphyry 

91,  ir 

Fort  Mueller 

166 

•  Tin  3 

^ill,  2i.  ittiles  W.  of  Camp  65  . . 

Metamorphic  qu&rtzite 

9o.  i:^ 

tVs? 

Camp  55  (Barnard  Rocks)     . . 

Granite 

95,  15: 

.   Tl'ftT 

Hill,  OQQ  mile  E.  of  Camp   55 

Agglomerate  . . 

95.  IT*^ 

WtJ* 

One  mile  E.  of  Camp  55 

Porphyrite 

91.  \t:. 

132,  15*' 

tVot 

• 

Camp  56  (E.  end  of  Blackstone 

Olivine  norite 

Range) 

Tl^5¥ 

About   four   miles   W.S.W.    of 
Camp  57 

Granite 

157 

TT^Jff 

About    four    miles   W.S.W.    of  '  Dolerite 

98,99 

.(•amp  57 

lii* 

•   TlVff 

About    four   miles   W.S.W.    of 
Camp  57 

?  Granite 

.*  TT^TT 

Near  Cairn  on  Mt.  Aloysius  . . 

Granulite 

89,  Ifil 

tVit 

One  and  a-half  miles  W.S.VV. 

Gneiss 

89,  91'. 

.  of   Mt,   Aloysius   Cairn 

..  - 

16i 

,  TT*T3 

/^my  Giles  Rocks 

Granite 

15T 

tVt* 

Seven  and  a-half  miles  W.  of 
Camp  59 

Gneiss 

89,  Ifii 

Tl\"5 

Camp  59  (near  Mt.  Gosse)     . . 

Granite 

9l\  12S 

;     !•> 

•  128.  K^ 

Tl^T? 

One  mile  E.  of  Mt.  Scott 

Granite 

ti'tt 

Mt.  Scott            

Granite 

!  128.  1=1^ 

Tl\ff 

Frank  Scott  Hill 

Greenstone        (epidio- 

84.  131, 

rite) 

\y. 

TTTV^ 

Four  miles  W.  of  Lightning  Kuck  '  Quartz  dolerite 

ISl 

.  TlVff 

Two  miles  N.E.  of  Frank  Scott  .  Conglomerate 

100,  13', 

Hill                                              1 

150 

TiVr 

Five  and  a-quarter  miles  N.  of     Calcareous  grit  * 

101).  K^ 

Depot  Camp 

1 

. 

♦  See  Fig.  4 

3. 
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APPENDIX  B— continued. 


Reg. 
No. 

1 

Locality. 

Determination. 

Pagd  in 
Bulletin. 

iiW 

Near  Mt.  Herbert 

Basaltic  dolerite  *     . . 

101,  135, 
189 

Tl'll 

Near  Mt.  Herbert 

Greenstone  *  . . 

131,  161 

TT^I 

Near  Mt.  Herbert 

Vesicular  dolerite  *  . . 

101,  135, 
190 

TlVlJ 

Near  Mt.  Herbert 

Dolerite  * 

101,  135, 
190 

1 

Near  Mt.  Herbert 

Porphyry  ♦    . .      '  .. 

"" 

TT4T 

Near  Mt.  Herbert 

?  Greenstone  * 

TTi¥ 

Three-quarter  mile  N.N.W.  of 
Camp  67 

Porphyry 

92,  167 

TTiff 

One  and  a-half  miles  N.N.W.  of 
Camp  67 

Granular  porphyry   .. 

92,  168 

TT^ra 

Four  and  a-half  miles  N.N.W. 
of  Camp  67 

?  Granulac     porphyry 

TMT 

Six  miles  W.S.W.  of  Camp  68 

Granite 

86 

TTfl 

Gnamma-hole,  3^  miles  W.S.VV. 
of  Camp  68 

Granite 

S6, 163 

tVji 

Bentloy  Hill 

Granite         ,  . . 

86,  154 

ttSj 

Seven    miles    S.    of   Camp    69 

Granite 

87,  165 

(Bentley  Hill) 

. 

ttVt 

Seven  and  three-quarter  miles 
8.  of  Camp  69 

Olivine  dolerite 

182 

TT18 

Three  and  a-half  miles  N.  of  Mt. 

Granular     quartz-por- 

86,  162 

Waugh 

phyry 

TI^IT 

One    and    three-quarter    miles 

Greenstone    (amphibo- 

82,  148 

S.W.  of  Mt.  Waugh 

lite) 

Ti'jT 

Half-mile  S.W.  of  t^tt 

Greenstone '    . . 

82,  149 

ItW 

Two  miles  N.N.E.  of  Kathleen 
HiU 

Porphyry- 

91,  lo6 

n^ny    i 

Kathleen  Hill,  near  Mt.  Eveline 

Porphyry 

91,  125, 
164 

TT^TT      1 

Mt .  Shaw 

Porphyry        . . 

1           ■ 
TTiT      1 

Two  and  a-quarter  miles  W.S.W. 

Porphyry     '  . . 

1 

of  Camp  65 

V             V                            1 

1 

Two    and    three-quarter    miles 
W.S.W.  of  Camp  65 

Porphyry 

Tl*"      , 

Eight  miles  W.S.W.  of  Camp  65 

^'P-       TI>V¥ 

92,  173 

rr'.-T 

Six  miles  W.S.W.  of  Camp  65 

Porphyry 

92,  124, 
173 

ll*4-ff         1 

Townsend  Range,   near  Depot 
Camp 

Quartzite         , . 

101,  188 

t.Vt 

Two  miles  N.N.E.  of  Table  Hill 

Basaltic             dolerite 
(volcanic) 

192 

tV»? 

One  and  a  half  miles  N.N.E.  of 

Basaltic             dolerite 

193 

Table  Hill 

(volcanic) 

TT*IT 

Quarter-mile   N.N.E.   of   Table 
HiU                      '■ 

Cp.  Wrr  and  tV«   •  • 

193 

llVff 

Table  HiU          

Basaltic             dolerite 
(volcanic) 

194 

nVi 

Table  HiU          

?  BaMalt.io    dolerite  . . 

rVf¥ 

Near  Depot  Camp 

Travertine 

tA¥ 

Pt.  Saunders  Breakaways 

Pebbles  from  Boulder- 

bod 

♦  See  Fig.  43. 
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INDEX. 


Page. 
Add  phitonlc  and  dyke-rocks  (iee  ai$o 

Porphyry,  Granite) 84-94 

Add    Platonic    and    dyke-rocks,    inter- 
relationships of 92,   167-74 

Add  Plutonic  and  dyke-rocks,  origin    ...        94 
Agglomerate  ...         18,  95,  136,  137,  176 

Ainslic  HIU,  geology  near  88,  98,  100,  117 

Albert  Edward  Sange,  rocks  of 104 

Alhite  {frequently  in  Appendix  A.) 

Alice  Springs,  gneiss  from  140 

AloysiuK,  Mount 61,    62,    69 

„  „       geology  near,       85,  67,  89,  98 

129-30,  143-4 
>«  t*       water  at  ...        ...        38 

Amphibolite  (jtee  also  Greenstones)  80,  82,   98, 

131,  139,  145,  146 

Amy  Giles  Rocks,  geology  near  ...        87 

M  •,       water  near 38 

I"       ttOt^KS  ...  ,,,  ...  ...  Ziv 

Andalusite 96,  137,  176 

Andetdne       166,  195 

Aneroids,  observations  with        16,  16 

Animal-life  of  area  reported  on  ...  19,  20 

Aaimals,  agency  of,  in  forming  caves     ...        66 

„  „  „  gnamma 

holes    ...    53-4 

Annrthofilte  132 

Apatite       131,  183,  134,  150,  175,  181,  182,  183, 

184 

Aplite,   iKlaciated  bonlders  of    109 

Archaean  Rocks 18 

ArctKillinna,  ordovidan  rocks  at  ...      104 

Arkeeta  bore  Ill 

Arkosc  95,  144,  145,  177-8,  195 

Arrangement  of  Bulletin 19 

Aogite  {frequently  in  Appendix  A,) 

alteration  of         80 

Auriferons  country  ...  16,    78,   146-7 

Aortferous  rocks  of  Goldflelds  correlated 

to  those  of  Warburton  Area     13, 17,  82  84, 

96.    181,    14ft-7,    151,    152 

Axe  Hill       ...         ...         ...         ...         ...         40 

Avers  Range,  geology  of             ...     141,   143-4 
Avers  Rock,  geology  of 140,  145 

Bailey  Breakaways  23,   25,   45 

Baker  Lake  43 

Barnard  Rocks,   geology  near 87,  95 

„  ,»       water  at  ...        ...        oo 

Barrow  Range        62,  69 

„  „     geology  near      83,  92 

„  „     pastoral  country  near  ...       118 

„     prospecting  in 21 

Ba<tedow,  H.,  geologist     ...  79,   94,   140-2 

Basic-igneous  Rocks        62,  63,  64,  96-9,  132-5 

afBnities  of 134-5 

comparison  of  var- 
ious Central  Aus- 
tralian       144-5 

BathoUths 18,    84,   97 

Belt  Range,  gneiss  of       140 

Bent  ley  Hill,  geology  near  86-7 

Bi(»tlte  (frequently  in  Appendix  A) 

BirkiH^ate  Range,  geology  near  ...     138,   143-4 

Blacks,   attack  by  14,  15 

caves  partly  formed  by 56 

gnamma  holes  partly  formed  by    53-4 


»» 


I* 


Blackstone  Range 

„       geology  of    ... 


•» 


Page. 
...  62,  63 
96,  144 
„  „       magnetic  rocks  of  ...  16,  97 

„  „       pastoral  country  n«tr      118 

Blackstones  18 

„         Jointing  and  weathering  of  ...        38 

Blyth  Bange,  geology  of 139,   143-4 

Bob  Hill,  geology  near 91,  92 

Borax,    reported  near  Lake  Yeo       112,   115-6 
„     theories  regarding  origin  of    ...  115-6 

Boulder  Beds         19,  105,  107-9 

Breakaways  16,   17,  39,   43-59 

„         degraded      ...        ...        ...        57 

„         formation  of  67-9 

Brown,  H.  Y.  L.,  geologist    79, 94, 103-4, 110-11 

Brown,  Mount       29 

Buttes  {see  also  Table  Tops)        45,  46,  47,  49 
Bytownltc    .,:         ...  132,   134,   178,   181,   182 

Calqlte  {frequently  in  Appendix  A)         ...       103 

Osmbrian  rocks      96 

Camptonite,  Ac^te  145 

Canning  Stock  Route       23,  41 

Carboniferous  rocks  of  Kimberley        ...      104 
Carnegie,  D.  W.,  explorer  ...  21,  111 

Caroline,  Mount,  rocks  of  140 

Carr  Boyd  Rock-holes      28 

Cassldy  Hill  62 

M      }.       geology  near         100 

Cavenagh  Range 62,  64-9 

geology  of  96,97,132-3,138, 
139,  144,  14ft-7 
magnetic  rocks  of  ...  15,  97 
pastoral  country  near  118 
prospecting  in  ...        21 

Caves  in  breakaways        65-7 

Central  Australia,  geology  of    79,  80,  94,  96, 110 

Chalcedony 105,  111 

Chambers  Bluff,  ordovician  rocks  at     ...       104 
Chandler,  Mount,  ordovician  rocks  at,    104,  142 

145 
Chamockites  ...  80,  84,  88,  130,  159-61 
Chlorite  {frequently  in  Appendix  A)  101,  103 
from  Auglte       80 


fi 

»» 


...  115-6 
94-6,    13ft-7 
43 
19,  105 


Clarke,  F.  W 
Clastic  rocks 
Clay  Pans    ., 
Claystones  ., 

Close,  Major  C.  F.,  on  calculation  of  baro- 
metric heights 15-6 

Cohn  Hill,  geology  near  ...  87-9,  129,  143-4 
Commonwealth  Meteorological  Bureau  ...  16 
Conglomerates  18,  94,  99,  100,  137,  184-6 

Contact  metamorphism  of  greenstones  ...  83,  85 

Cooper    Creek         32 

,,      Hills  ...         ...         ...         ...         32 

Copper  indications  in  Warburton  Area  ...      115 
Cordlerite     ...         ...         ...         ...         ...       162 

Cosmo-Newberry  greenstone  belt  ...       112 

Country  traversed,  description  of        ...  16-17 

C*reep  of  talus        59,  73-4 

Cue,  basaltic  dolerite  at 99,  135 

Curlewis,  E.  B 16 

Current-bedding      106 


Dakin,  Prof.  W.  J. 
Davies,  Mount,  geology  of 


19 
141,  142 
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TNTy^X—coMi^ued. 


>» 


Pftff6 

Deflation  (tee  alto  Dtslntegratlon-meal)  ...      106 
Belessite       ...  iqo 

Demantia  wiehalit  580 

Depot  Camp,  Townaend  Range  ...  14,  34 

Desert"    Ctountry,  deucrlbed 16-17 

Runis 17,    4CL 

Sandstone       55,  110,  111 

^  Zone 39.  40-59 

Devonian  rocks      103,  104 

5}*J>a*e        139 

Dalla«e       ...  ...  132,   178,    179 

DIopslde       ...         ...  •    149 

"Dlorlte" 17 

P*orItic  rocks         "isg,    1*40,    141 

•*  Dlslnt^gratlon-meal "     5ft-7,    59 

Doleilto,  basaltic, 96,   97,   98-9.    100 

„     petrology  of 183-4 

dykes      87,    89,    140 

form  hills       ...  74.  134 

petrology  of       133-5,  181-8 


>r 


„       in  conBrlomerat« lOO 

roetanwrphosed     80,  83,  131,  139,  146 
„       volcanic,    petrology   of    ...         189-94 
Dunges  Hill— Townsend  Range  Section, 

deftnltlon  of 17,  45 

Dunges  Hill— Townsend  Range  Section, 

geology  of       105-12 

„       Table  Hill  ...         ...        26-7,  105 

Dykes  of  basic  rock  (see    also    Dolerite)        97 
Dynamic  metamorphism  84,  87,  91,  92,  95, 125, 

128,  131 
>i  M  M        selective  action 

of  ...     92-3 

Earthquakes  described  by  Giles 69 

Earth -movements,  effect  of         18 

Elder  Greek            35,  62,  76,  101 

„        „  geology  near  82-3 

ft        „   pastoral  country  near       ...  118 

,.      Expedition           21,  110 

II               ,,         heights  recorded  by  16 

Ellcry  Creek,  rocks  of      ...       140 

Enstatito      I39,  144 

Epidiorite     (see  aUo  Greenstones)     80,  83,  84. 

131,  132,  146 
Epidote  {and  frequenUy  in  Appendix  ^)  80,  83,  84 
_     .^  101,  103 

f;""*^  139 

Eveline,  Mount      69 

M         „  geology  near      82,  94 

M         „         water  near         36 

„         porphyry  dyke  91,  92 

Everard  Range       115 

geology  near        103,  111.  138, 
141,  142,  143-4 

.  prospecting  in 115 

Eyre  Lake,  geology  near  110 


»         f» 


»'         >> 


Faulkner  Hill  32,  57 

Fcldtmann  F.  R 16 

IVlsophyre 92,  169 

Felspar  {/requfnni/  in  Appsniix  A) 

„         kaolinlsed  106 

„        phenocrj'sts  in  conglomerate  ...      100 

Fclspathization       142 

Fences,  blacks',  for  hunting       20 

Ferdinand,  >rount  142 

Fetherstonhaugh  Hill        32 

^      M         M  „        geology  near      ...       107 

Fig  Tree  Gnamma-hole 33 

FInke  River,  geology  near  110 

Flow  Rocks,  see  I^ava. 

Flow-structure  in  porphyry         125 

Forrest,  A.,    explorer         21 

I.      J-i         M  21,  35,  37 


'I 
■>-.■. 


"  Fort,"  origin  of  terra 

Frank  Scott  Hill,  geology  near  ...        H  :i: 

Freeman,  Point      H. .' 

Fringlng-belt  in  breakaway  ooontry       17  i^. 

51.  5i-- 

Oabbro  ($ee  alto  Basic  Igneoas  rorks)    ^\  < 

98,  131,  141.  U- 

,.     petrology  of        ...  133-3,  i:--* 

Garnets  (and  frequenlly  in   Appendix  A)  >>  *- 

87,  8S.  ^  ■'■ 

Gibson,  C.  G^  geologist t«0,  9».    • 

Giles,  E.,  explorer  ...     20-1,  85.  3«,  " 

Giles'  Tank  

Glacial  action,  former      19.  I' *^ 

Glauert,  L -' 

Gnamma-holes        

M        ,,       location  of  various 

„        „       origin  of '- ' 

Gndss  (tee  alto  Add  Rocks)       85-90.  li» 

140.  u\  :*. 

„    derived  from  Igneous,  not  sedimen- 
tary rocks       W  -' 

„   glaciated  boulders  of     

„    petrology  of  K-  '- 

Gold  in  .country  traversed  I'**^* 

Gondwana  Land,  relics  of  ...        l^*     ' 

Gosse,  Mount,        14,  15.  ^^  ' 

.1        ..       gwlogy  near  87,  130, 141.  U- 

GoBse,  W.  C.  explorer     

Granite  17-8,   85-90,    112-3.   127-9,  139.  :♦ 
(tee  tUto  Acid  Rocks) 

„     glaciated  boulders  of     ...        .-    ^  ' 

„      lnt«r-relatlon  of  groups. of       —  •-"' 

„      petrology  of         127-9,    141-2,  1     . 

„     porphjrry 

Granites,  comparison  of  Central  Au^rs- 

llan  .  U  « 

Granite,  weathers  to  sand-plains 

Granodlorite  15  ^ 

Granophyric  structure      ...  91,  li'     ' 

Granulit*     ...  87-9,  129-30,  139,  141    -' 

Graphitic  dust       9:^    * 

Greenstones  80-4.  1I--3.  I    - 

„         compared  to  those  of  W..4. 

Goldfields  H«- 

distribution  of         ...        1'  *  - 
in  conglomerate 
petrology  of    131-2,  14i*-52. '"  . 
Greywacke  ...  18,  95,  100.  W6-7.  1' . 

Grits  18.  W  ] 

„   petrology  of  1* ,' 

Gypsum 


II 
»» 
•I 


•  ■  ■         ... 


Hann  Breakaways  3i  4^^' 

Hann,  F..  explorer,     22,  32.  37,  38,  4S.  i^  -\ 

96,  115.  ir  ':: 

,.     Table  Top ^-  ' 

Hardman.  E.  T,.  Geologist 

Heights  along  route  

,,        ,.        „        calculation  of 

Henning  Rock-hole  -. 

Herbert.  Mount     

geology  near        83.  1"" 


If        II 


11'. 


Hercynlte 

HUly  Zontf W    * 

Hocking  Range      71,  s^ 

Honman,    C.   S.,    Geologist         

Hornblende   (frequently  in  Appendix  .1) 

,.         from  Augit«  

Horn  Expedition 

Hilbbe,  8.  G.,  explorer 

Hughes  Creek        35,  6i  '^ 

„  geology  near  83.  !'►'  • 
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INiyEX— continued. 


Page. 

Hugh  River ...       104 

Hunt  RanRp,. granite  from  140 

Uypcrsthene  88,  129,  132,  133,  1401'  145. 

.    159,  100,  178,  179 

Iddlngsitc ...         133,  180 

lUbillio,  Mount,  porpbyry  from ..,         142,  145 

Ilmenite 133.    134,   181,    184,    191 

IndulkaQa,  goojogy  at      141,  143-4 

Insolation     .., 57,  59,  69,  73 

Ironoxide,  solution  and  re-depodtlon  of        111 


Irwin,  Point 
Island-hills  .., 
Ivor  Rocks 
Ivory  Coast,  rocks  of 


Jack,  R.  Lockhart,  geologist 

„      R.  Logan,  geologist . 
Johnson  Creek,  geology  near 
Jut«on,  J.  T.,  Geologist  ... 


•  •• 


32 
62,  73-4 

23 
...  .  130 


79^  94,  96,  104, 
111,  142 

•  •  0        •  •  •      Xw4 

•  •  •        •  •  •  O-^f     OO 

•  •  •  mmm  OV 


Kalgoorlie  rocks,  tee  Auriferous  riocks  of 
Qoldflelds. 

Kaolin  132 

Kathleen  Hill,  geology  at  91 

Kidman.  Point      23,  113 

Kimberley,  sedimentarles  in       104 

Kookynie,  pegmatite  near  109 

Kopal  111-12 

Korrawang  Serlca 18,  94 

Labradorite  132,  178 

I^kes,  ue  Yeo  Lake. 

Ijivah  Soak 36 

Ijfcmprophyre  169 

Ijimprophyre,  augite        139 

Lat<»rite       55,  m 

„       influences  formation  of    break- 
aways   68-9 

weathering  of 57 

Lava  18,  98,  99,  101 

Laverton— Dunge's  Hill  Section  ...       18,  112-4 
i>  «,  „  definition 

of...         17 

I^ptynlte 130 

Leucoxene 150,    151,    152,    187,   191 

Lightning  Rock,  geology  near 87 

„         M  water  at  37 

Lilian  Creek  ...  14,  34,  62,  72-3,  76 

„     geology  near         ...         100.  105 

M      Well 22,  33-4 

Point        31-2,  55 

Lily  Rock-hole       28-9.  105 

Limestone 18,  100 

glaciated  silicifled  pebbles  of      109 

21 

..       105 

21 

98,  150 

20 

110 

..       103 

79 

139-40, 

143-4 

,.       104 

,.       115 

15.85 


It 
»» 


Lindfiay,  D.,  explorer 

•M^t^lm  4  U  •••  •••  •■•  ••• 

Luck,  explorer       

"  Lustre-mottled  "  amphibolite  ... 

LtnnnodynasUs  omntus      

Lyons  glacial  conglomerate 


Macdonald,  Lake 
3facdonell  Ranges 


igneous  rocks  of 


t* 


ordovician  rocks  of 

prospecting  in 

Magnetic  rocks       

Magnetite      139,  159,  161,  172,  173,  183,  191. 

196 

Mallee  Gums  17,  43 

Manning  Gnamma-hole 23 

Mann  Range,  geology  of        140-1,  142,  143-4 


j» 


Page. 

Manton  Creek,  water  supply  at  ...      121 

,r      ILnoD  ...  ...         ...  ...  3Z,  33 

Marine  erosion,  to  account  for  breakaways        57 

Maurice,  R.  T.,  explorer 22 

Meekatliarra,  basaltic  dolerlte  at,'  98,  997  134, 

;  184 

rocks,  tee  Auriferous  rocks  " 

of  Ooldflelds. 

Mesas  («ee  al»o  Table  Tops)       ...      45,  46,  49 

Mesozoic  Rocks      99 

Metamofphic  Sediments ..."  137 

Metamorphism,  $ee  Contact  and  Dynamic. 

Method  of  Survey  work '15-6 

Mierocline  (freqwnUy    in    Appendix    A)  ' 

MIcropegmatite  92,  126,  140,  145,  171-2 

,.  In  conglomerate  ...       100 

Millar  Breakaways  or  Range        29-30,  43,  57 
-~        — -  g2 

...  83,  91 

...     27-8 

88,  129 

59 

62,  63-4 
96 
15 

...       100 

...  OO 


MUler  Hill 

„        geology  near 

Miller  Soak  and  Rock-holes 
Minnie  Hill,  geology  near 
Monadnocks 

Morgan  Range       

„        „         geology  of 

„         magnetic  rocks  of 
Mudstone 

Mueller,  Port,  water  at 

Mulga  17,  41,  43,  50,   55 

„      placed  in  water-holes  by  blacks  27 

„      significance  of  in  sand  country  ...         59 
Muscovite  Ureqt*tntly  in  Appendix  A) 

Musgrave  Ranges 79 

„        „  geology  of        ...     140,  143-4 

„        ,,  prospecting  In  ...       115 

Myrmeklte  ..,        128 


Mativc  Wells  22-23 

New  South  Wales,  devonian  rocks  of     ...       104 
Niagara  (W.A.)  acid  rocks  resemble  those 

of  Warburton  Area  146 

Norite  \»ee  aUo  basic  igneous  rocks)       133.  139 

„       petrology  of        178-81 

Norseman,  norites  from 133,  181 

Notomye  Mitekelli 20 

Nullaglne  conglomerate,  gold  in 116 

Oakover  limestone  99 

Olga,  Mount,  conglomerate  from  140,  145 

Oligoclasc 196 

Olivine  132,  133,  178.  179,  180,  181,  182, 

191 

Oolgarna  Claim,  diorite  from 140 

Ophitic  structure ]    131 

"  Opposed  breakaways  " 55 

Ordovician   rocks      (»ee  also   Townsend 

Range  Series)  19,  98,  103 

Orthoclase  (  fretptently  in  Appendix  A) 

Parakylia 43 

Pastoral  Country 36,  118-21 

Peneplain 39,  59,  61 

Permo-Carboniferous  gladation,  evidences 

Perthitic  structure  12.5,  128 

Phyilopods 19 

PhyeignathuM  20 

Pine  Tree  Caves 23-4 

Plains  40-1,  61,  112 

Plant-life  of  area  reported  on        19-20,  40-1. 

43,  61 

Plateau  of  Western  Australia     39 

Pleonaste      161 

Porphyrite 91,    127,    139,    175 

Porphyry,  distribution  of  in  Central  Aus- 

lit*  ■•■  ■■*  •■•  •••  XHtv 
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ft 


Porphyry,  dykes  (tee  alto  Add  plutonic 

and  dyke  rocks)         17-18, 
90-3,  05,  118 

age  of  85 

petrology  of 10^-7 

felspar 142 

gladated  boulders  of  ...      109 

granular  {tee  also  Acid  Rocks)    17h3, 

09,  85-7,  98,  126 

„         petrology  of  ...  162-5 

Important  in  Warburton  Area        80 

in  conglomerate         100 

inter-relation      of      dUTerent 

groups    of 127 

mctamorphism  by      83 

petrology  of 1247? 

possibility  of  copper  lodes  in      115 

Port  Augusta,  tentlillls  of  104 

Pyrites         ...  167,  168,  173 

Pyroxene  inteigrowth       133 

Quartzite     ...  18,  71,  99,  101,  137,  142 

„         glaciated  boulders  of  ...       109 

metamorphic  95,  140,  175-7 

petrology  of     188 

Quartz,  glaciated  boulders  of     109 

pebbles  in  conglomerate  ...       100 

phenocrysts    (and   freqitenUy   in 

Appendix  A)  91 

„  •  veins  In  granite 86,  113 

„  „       greenstones      ...     80,   83,    84 


Page. 


ft 


Queen  Victoria  Spring 
Quondong    

Rainfall,  formerly  heavier 
Rain  see  Thunderstorms. 

„     types  of  vegetation  produced  by 
Read,  Point,  gnamma-hole  at    ... 

Reetz    Creek  

,,      Point  .,,         ...         ... 

Rhyolite       

Rock-holes 

„  location  of  various  ... 

„  origin  of 

Route  of  Expedition 
Russci,  H.,  explorer 

Rutlle  

Ryan's  Bluff 


21 
17,  41 

67,  69 

61 

33 
...     26-7 

32 
...  142 
...  51,  86 
...  22-38 

52 

13,  14,  22 

...  21.  36 

153,  155,  156 

32 


Salt  bush 17,65 

Salvation,  Point     105.  113 

„  „       Greenstone  belt  ...  112-3 

>t  ,.  „  possibility 

of  gold  in  ...  116-7 

Sand  85,  105 

„   hills  and  ridges       16,  17,  41-3,  01,  112 
Sandstone  (mining  centre),  basaltic  dole- 
rite  at        18,  98,  99,  134,  135,  136.  184 

Sandstones 19,  100,  105-6 

Saunders,  Point 80 

„  „       geology  near 107 

Saussurite 132 

Scamp  Creek  35 

f  f  •  JXlll  •«•  «aa  •••  •••  tO 

Scapolite      131-2,  144,  149-50 

Schist,  chlorite        83,  84 

,,      garnet         86 

„     muscovitc 137 

,,      quartz         140 

Scott,  Mount,   geology  near       87 

„         ,,       magnetic  rocks  at  ...         85 

Sea- water  as  a  source  of  borax     115-6 

Sedimentary  Hooks,  (gee  alto  Clastic  Rocks, 
Townsend  Range  Series,  and  Wilkin- 


son Range  Serifs) 
Sedimentary  rocks,  gold  In 


18,  137 
116 


Sefton,-  Mount  •      ... 

geoUnnr  near 


Seridte 


>t 


II 
•I 


II 

» 


P«?e. 
...         ...  54,  w 

...    llS-3,   132 

possibility  of  gold  near  ...     116 
...        ...        .••       •••     ^"* 

Shenton,  Mount,  greenstone  belt  ...  11- 
Sillca,  solution  and  re-deposit  of         ...     HI 

SilUmanlte 89,   180,  161-2 

Simpson  HiU,  water  near  ^ 

Slnglet4>n,  Mount,  gold  at  U^ 

Skirmish  Hfll         139,  IM 

Slat«,  sw  Scliist.  ^ 

Smeeth.  J 139-40,  1T2 

Soil-plains 6^ 

South   Africa,  basic  rocks  from  ...     1^ 

„     India,.       „  „  ...     JJJ 

Spencer,  Prof.  W.  B y^y 

Spessartite 16S-72 

Sphene         ...       129.  162,  172,  177,  195,  196 

Spinel  129,   15©.  161 

"Spinifex"  16,  40,  41,  43,  W 

"Spring  Granite"  water-hole    ^^ 

Springs        ...        ...        ...        ^ 

Squires,  Mount      *-»  * 

geology  near       85,  87,  92,  H 

97,  139,  145 

magnetic   rocks  of     ...  1^.  ^-^ 

water  near         '^^ 

St«lzner,  Geologist  88,  13^ 

S toward,  Dr.  F.,  Government  Botanist ...  1* 
Strdch,  v.,  geologist         21,  79,  80,  87.  88,  94, 

103,  110,  138-9.144 

Sunday,  Point        27,  4? 

Sunday  Surprise  Rocks ^ 

Superficial  deposits        105,  1U-. 

Syenite        ...        ...        ...         ...        ...     ^'^ 

Table  Hill,  geology  near       98,  99,  100,  lOlA 

„      „       volcanic  rocks       ...     100,  101  > 

Table  Tops 4^-; 

Talus-slopes  105.  11;^ 

Talus-slopes  of  breakaways         ^- 

Tate,  Professor  Ralph  79.  94,  104,  110, 13^' 
Terraces,  rock-cut  and  high-level       ...      * 

Tertiary  rocks        ,  ^ 

Thermometers,  observations  with  ...  1^  ^^ 
Thomson,  J.  A.,  cited       133,  134,  139,  146-7. 

Thunderstorms,  denudation  by 59.  74 

„  erratic  character  of    ...      - 

Tietkcns  Birthday  Creek,  rhyolite  from  142.  l*^ 
Tietkens,  W.  H.,  explorer  79.  101,  l*^ 

Tltanomagnetite     I' 

Tobin  Hill,  geology  at     113.  \^ 

Tomklnson  Range  <^-  ^ 

„  rocks  of  ...  141.  14^ 
Tourmaline  as  a  source  of  borax  ...  ^'^ 
Townsend  Range        18,  34,  62.  71-.'«,  99.  1 '1 

„  „         pastoral  country  near     H* 

Townsend  Range  Series  18-19,  ^s5.  j^*.  W. 

93-11^ 
„               .,       basal    member-* 
resemble  green- 
stones         , 

...     18.    76,    105.  U: 

U4.  1*-^ 

24-5,    4^,   113 


Travertine 

Tuffs  

Turban  Hil!,  geology  of 

0hr,  Point 


Variation,  magnetic  

Vegetation,  see  Plant  life. 

Veaetatlon,  chem'ca'  weathering  by     ...       ''• 

Vesicles  mlcio-stmcture  of    189,  190,  191. 193-4 
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VolcAiiic  flows  and  rocks,  petrology  of,  {tee 

aUo  Lava) 135-6 

Volcanic  origin  of  borax 115-6 

Warbnrton  Area,  dRflnitlon  of 17 

„        geology  of     80-©9 

„  „  compared 

with  Central  and  West  Aus- 
tralia   ...        ...        ...        ...  145-7 

Calm   ...        ...        ...        ...  62,  01 

Creek 62,   117 

„     geology  near 83 

porphjnry  dyke         ...  91, '9? 

Bange  8S,  6*2,  69 

„        magnetic  rocks  of    ...  15,  85 
„  water  supply  in    ...    34-6 

Wat^  along  roate 15,  22-3^ 

Watercourses  in  breakaway  country        49-50 

55,  57 
Waterconnes  in  hilly  lone  65-7,  69,  75-6 

Water-holes,  rapacity  of 22 

Water,  transport  by         55,  59 

Watt  Creefe,  water  supply  at    ...  33,  1?1 

Watt»  J  .A.,  geologist     79,  94,  104, 110, 139-40, 
•  1  ...  .  17-J 

Wattle         17,  41 

Waugh,  Mount,   geology  near    ...    32,   86,   87 
k.  >t  tf       copper  near     ...        ...      115 


JKDEX—coTitinued, 
Page. 
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Weathering,  see  Wind,  Insolation  and  V^se- 
tation. 

Weekly  Hill  

Weir,  Mount,  geology  near 

„     porphyry  dyke 
Welcome,  Fort,    geology  at 

„            „       water  at 
Wells,  Lake,  sediments  at 
Wells,  necessity  for,  along  route 
W^est  African  Coast,  rocks  of 
Wilkinson  Bange 

„  ,.        geolo«y  near ... 

Wind,  direction  and  frequency  of 


Page. 


...  33 

94,  105 

91 

96,  97,  98 
...  38 
...  104 
...  118 
...       130 

28,  29,  45 
105,  10/ 


»t 


42-3 

influences  aspect  of  breakawrays        47 

„  trend  of  sand  ridges     41-3 

not  corrading        ...        ...        ...        58 

transports  fine  waste      55,  74 

Wlhterbottom  rocks         29,   55,   57 

Wood,  Point  32 

Woodward,  H.  P.,  geologist       104 

Tagahoog,  Mount,  rocks  from 187 

Ydlow  Cliff,  geology  at 110 

Yeo,  lAke  ...        28-9,   40,   43,    112,   115-116 


Zircon  129,  159,  172,  173 

Zoisite  {nnd  freguently  in  AppendU  A)    80,  103 


Bj  Authority :  Fsbd.  Wm.  Simpson,  Government  Printer,  Perth. 
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Mnrchison,  East  Murchison,  and  Peak  UiU  Goldflelds  ;  Gold  Discoveries  at  Donuy- 
brook  ;  Noisemau  Public  Battery,  and  the  use  of  Brines  in  Gold  Extraction  ;  Mineral 
Waters  ;  Mineralogical  and  Petrologicai  Kotcs ;  Balgoorlle  ;  Meniies.    Price,  Is. 

1899. 

Annual  Progress  Beport  for  the  Year  1899,  containing — 

Notes  on  the  Greenbushes  Tinfleld  ;  Boring  for  Water  at  Mulgarrie  ;  Boring  for  Water 
at  Hayes'  New  Find  ;  the  Geology  of  tlie  Bardoc  District ;  On  the  Development 
of  Mining  in  the  locality  of  Denny  brook  ;  The  Geology  of  the  North  Lead, 
Kanowna;  The  Kanowna  Great  Boulder,  G.M.L.  886x  ;  Mineral  Waters;  Com- 
position of  Native  Gold  ;  Greenbushes  Tin  Ore  ;  Cobalt  Ores  ;  Menzies  Goldfleld  ; 
KalgoorUe  Goldfleld  ;  Coolgardie   Goidfield.    Price,   Is.  1900. 

Annaal  Progress  Beport  for  the  Year  1900,  containing— 

KalgoorUe  Goldfleld  ;  Phillips  Blver  Goidfield  ;  Gold  YindB  on  the  Preston  and  Fer- 
guson Bivers ;  The  Present  Condition  and  Future  Prospects  of  the  Greenbushes 
Tinfleld  ;  Boring  for  Coal  near  Albany  ;  North  I^ead,  Kanowna  ;  Buiong  Deep  Leads  ; 
Cool^rdie  Deep  Leads ;  Alluvial  Deposits,  Donny brook  Goidfield  ;  Subsidy  to  the 
Norseman  Gold  Mines,  Ltd.  ;  Gascoyne  District ;  Extension  of  Artesian  Water- 
carrying  strata  from  South  Australia.     Price,  Is.  1901. 

Annual  Progress  Beport  for  the  Year  1901,  containing — 

Klmberley  :  Uaroo  Find,  Ashburton  Biver ;  Gascoyne  ;  The  laland.  Lake  Austin  ; 
Mount  Ida  ;  Yardarino  Bore  ;  The  Dundas  Goidfield  ;  The  PhiUips  Biver  Goidfield  ; 
Norseman  Gold  Mines,  Ltd. ;  Alia  vial  Deposits,  Siberia.    Price,  Is.  l90:s. 

Annoal  Progress  Heport  for  the  Year  1902.    (Out  of  priM.)  1908. 

Annual  Progress  Beport  for  the  Year  1903.    (Out  of  priML)  1904. 

Annual  Progresa  Beport  for  the  Year  1904,  containing- 

Pllbara  Goldfleld  ;  Notes  on  u  Traverse  from  Marble  Bar  to  Boebournv  ;  State  Aid 
for  Boring,  Peak  Hill ;  Mount  Morgans  ;  The  Occurrence  of  Tellurlde  Ore  at  Mul- 
gabble ;  Southern  Gross ;  Norseman  ;  Beported  Tin  Find  at  Cul>alling ;  Beward 
Lease  at  Newcastle.  Toodvay  District :  Boring  for  Coal,  Napier  Biver  ;  Reputed  Petro- 
Uferona  Deposits  of  the  Warren  and  the  Donmoly  Blvsrs  ;  Opal  at  Coolgardie.  Price, 
U.  190ft. 
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AUMiAl  ProgrcM  Beport  (or  the  Year  1906,  oontalnins— 

Pllbam   Goldfleld ;    Wodgina     Tinfleld ;   Mt.  Marnrst  Goldaeld ;    New  Had    60 

milas  B.N.£.  of  Dttketon ;  Windaoya  Groap  of  Leaaet,  Broad    Anow  OohUeld ; 

'WaolJi  District ;  Sunbeam  Lease,  No.  1121x,  Kanowna ;  Nortbam  Dlsferict ;  BMcat 

MJoug  Developments  at  Qreenbushea ;  Boring  for  Ckial  near  M aJlava.    Piteetjf 

Annual  Progress  Beport  for  the  Year  1906,  containing — 

-  State  Aid  towards  the  Deyelopment  of  the  North  End  of  the  Kalgoorile  OoldflsM ; 

Iflneral  Discoveries  at  Narlarla,  West  Klmberiey  District ;  Coe,  Day  Dftwn,  sad 

•  Ooddingwarra  ;  Barrambio  and  BrroUs ;    lAwlers,  Moont  Sir  SamiuL  Mount  Ida, 

-  Darlot,  and  Wilson's  Patch  ;  The  Saxon  Lead  Mine,  Northampton  ;  waolA  ;  Airiao 

and  Yandanooka  ;  Olay  Deposits  of  the  Claoldlne  District ;  Beverley  Dimci.     Priee, 

la.  1907. 

Amraal  Progress  Beport  for  the  Year  1907,  containing— 

Artesian  Water  Boring  in  the  Mnrchlson,  Gasooyne,  and  KImberiey  Digtriota ;  Tkt 
Country  between  the  Gascoyne  and  Boeboume  ;  Boring  for  Coal  at  DepM  BOB,  Inria 
Coalfield ;  Botlns  for  Coal  at  Eradn,  Qreenoogh  Biver ;  Deep  Boring  onFnser'i 
Bline,  Southern  Cross ;  Alternative  Dam  Site  at  Kebnsoott ;  The  Moont  Maleoin 
Copper  Mine,  Eulaminna  ;  Guano  Deposits  at  Watheroo  ;  Beported  a<^  Dlseovaiei 
at  Mundljong  ;  Boring  for  Artesian  Water,  West  Kimberiey  ;  Boring  near  Wjndham ; 
Wolfram  and  Tin  near  Brookton ;  Copper  Deposits  at  Yandanooka.    Mce,  la.  1919. 

Annual  Progress  Beport  for  the  Year  1908.    (Oui  of  prmL)  1919. 

Annual  Progress  Beport  for  the  Year  1909.    {Oui  of  print)  1919. 

Annual  Progress  Beport  for  the  Year  1010,  containing — 
Besults  of  Boring  for  Ariwsian  Water  on  the  Eucia  Plateau  ;  The  Geology  of  the  Country 
between  Sandstone  and  Lawlers,  East  Murchlson  Qoldflcdd,  from  the  point  of  view  of 
Bailway  Communication  ;  The  Prospects  of  obtaining  a  Water  Supply  for  Qeraldtos. 
either  Artesian,  Sub-artesian,  Wells  or  Catchment  Areas  ;  The  Mount  Bgecton  Di£- 
ginrn.  Peak  HIU  Goldfleld  ;  Beport  upon  the  May  Queen,  G.M.L.  952,  YUgacn  Gold- 
ield,  with  regard  to  the  loss  of  the  reef  due  to  faulting  ;  Some  notes  on  the  Prindpsl 
Geological  Features  of  the  Kalgoorile  Goldfleld  ;  Further  Notes  on  the  QtaigiB  Cfasu. 
Price,  Is.  191t 

Annual  Progress  Beport  for  the  Year  1911  (Administrative  Beport  only)  Price,  Is^   1911 

Anuual  ProgreHs  Report  for  the  Year  1912.    {Out  of  print.)  191S> 

Annual  Progress  Beport  for  the  Year  1018,  containing — 
Dominions  Boyal  Commission  ;  British  Association  for  tlie  Advancement  of  Sdeaoe : 
Beputed  Occurrence  of  Oil  in  Western  Australia  ;  Meteorites ;  Ore  Deposits  of 
P. As.  8160  and  818c,  Leonora  ;  Limestone  Deposits  of  the  South- Western  DivMoo ; 
The  Gold  Belt  of  the  Yllgarn  GoldQeld  ;  Ora  Banda  ;  Mount  Magnet,  Lennonvik, 
and  Boogardie  ;  Yuin  and  the  Boyal  Standard  Mine  ;  Darlot  Deep  Lead ;  Phyuo- 
graphical  Geology  of  Western  Australia  ;  Country  l>etween  Latitude  S3*  and  2f 
South,  and  Longitude  110*  and  121*  East ;  Meekatharra  ;  Sandstone  :  Mikhabam 
(Uoiden's  Find) ;  The  North  End,  Kalgoorile  ;  Country  between  Kalgoorile  aid 
Coolgardie  ;    The  Bremer  Bange  Country.    Price,  Is.  1911 

Annual  Progress  Beport  for  the  Year  1914,  containing — 
CoJient-makiug  Materials  in  W.A. ;  Possibility  of  the  occurrence  of  Potash  _  ,, 
in  the  8ait  Lake  Areas  and  elsewhere  in  W.A. ;  Interstate  (>>nfereiies 
Art«sian  Water  Supplies ;  Beputed  Tin  Find  at  Brookton ;  Geology  at  ths 
TranscoDtincntal  Railway  Line  ;  Boring  for  Water  on  the  Transcontinental  Bal* 
way  Line  ;  Deep  Boring  at  Moora  in  its  Geological  Belationahlps ;  Ths  Geology 
and  Mineral  and  allied  Ilesources  of  the  Coastal  Plains  of  the  8outh-We«t 
Division ;  Westonia  and  Surrounding  District ;  Yerilla ;  Golden  Bntt^ri!? 
Mine,  Butterfly,  near  Kooky nie  ;  Niagara  ;  The  Country  South  of  Nuibigiiie.' 
Molybdenite  at  Swan  View ;  Meekatharra  and  Surrounding  Country ;  Oreea- 
bushcs ;  The  Country  between  iLalgooriie  and  Mulline ;  The  North  End,  Eal- 
goorlic :  The  Gcndogy  of  the  Mount  Jackson  and  Koolyanobblng  Diitrku. 
Price,  Is.  19lS. 

Annual  Progress  Beport  for  tlie  Year  1915,  containing-^ 

Building  Stones  of  Western  Austialla  ;  Limestone  Deposits  near  Denmaife ;  Foa- 
miniferal  Sand  Depositti  of  Dongara,  with  an  Appendix  on  their  commercial  appllci" 
tlon  ;  Limastonc  Deposits  of  the  Geraldton  District ;  Supplementary  Bepoit  co 
Limestone  Dcpoi^its  at  Vonga  (Martyup) ;  Yilgarn  Goklfleld  ;  Kookynle  and  Tampa : 
Aloany  ;  Ke]K)rtcd  occurrence  of  6ii  near  Wonnerup,  with  an  Appendix  on  tlie 
aupposed  Petroleum-bearing  Earths  and  Water ;  Meekatharra  ;  North  End,  Kal- 
goorile ;  Mafiruesite  Deposite  at  Bulong,  North-East  Coolgardie  Goldfleld  ;  Geolo^al 
Beport  on  the  Canning  Klver  Dam  Site,  No.  2 ;  Occurrence  of  Gold  at  North  oaa* 
dalup;  Yerilla  District.     Price,  Is.  1919. 

Annual  Progress  Beport  for  Year,  1010,  containing — 

Notes  on  the  Yalgoo  Goldfleld  ;  Notes  on  a  portion  of  the  South-We»t  DivlsioD  ;  The 
occurrence  of  Molybdenite  at  North  Dandalup  ;  The  Graphite  Doposits  at  Kcndenop 
and  surrounding  Districts  ;  The  Koolyanobblng  Iron  Ore  Deposits ;  Westonia . 
Expedition  to  the  Warburton  Ilanges  and  the  South  Australian  Border;  Comet 
Vale ;  Warriedar  ;  Jasper  Hill.  Murchlson  Goldfleld  ;  Quinn's  Murchison  Gold- 
field.    Price,  Is.  Itl7 
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Bibliography  of  the  Geology  of  Western  Australia :  by  A.  Olbb  Maltland,  GoYem- 

ment  Geoloolst.    Price,  la.  18M. 

The  State  of  Mlniag  In  the  Klmberley  District,  and  the  probability  of  obtaining 

Artesian  Water  between  the  Pilbara    Golddeids  and  the  Great  Desert :  by  &. 

NeU  Smith.    (Out  of  print.)  1896. 

The  Ooolgardle  Goldfleld :  by  Torrington  Blatchford,  Assistant  Geologist.    Prioe, 

Is.  1899. 

The  Mineral  Wealth  of  Western  Aostralla :  by  A.  Glbb  Maltland,  Goyemment 

Geologist.    Price,  Is.  1900. 

The  PhUlTps  Rlrer  Mining  District :  by  Torrington  Blatchford.  Assistant  Geologist. 

Price,  Is.    See  Bulletin  xxxv.  1900. 

Notes  from  the  Departmental  Laboratory :  by  S.  S.  Simpson,  Mineralogist  and 

Assayer.    (Out  of  prinL)  1908. 

The  Auriferous  Beefs  of  Que  and  Day  Dawn  :  by  W.  D.  Oampbell.  Assistant  Geolo- 
gist.   Price,  is.    See  Bulletin  XXTX.  1908. 
Lennonvllle,  Mount  Mi^net,  and  Boogardie,  Murchlson  Goldfleld  :  by  C.  G.  Gibson, 

Assistant  Geologist.     Price,  Is.  1908. 

The  Jtorthampton  Mining  District :  by  A.  Glbb  Bfaltland,  Government  Geologist. 

Price,  Is.  1908. 

Pakeontologlcal  Contributions  to  the  Geology  of  Western  Australia.    I.  Carbon- 
iferous Fossils  from  the  Gascoyne  District :  by  B.  Etheridge,  jun.    Price,  2b. 

1908. 
The  Country  between  Bdludlna  and  Yundamlndera,  North  Ooolgardle  Goldfleld : 

bv  A.  Glbb  Maltland.  Oov<>rnment  Geologist.    (OtU  of  print,)  1908^ 

MuUlne,  Ularring,  Mulwarrie,  and  Davyhurst,  North  Ooolgardle   Goldfleld  ;  by  0. 

G.  Gibson,  Assistant  Geologist.     Price,  28.  1908. 

Leonora,  Mount  Margaret  Goldfleld  ;  by  G.  F.  V.  Jackson,  Assistant  Geologist. 

Price    2k  1904 

A  Part  of  the  Murchlson  Goldfleld :  by  0.  G.  Gibson,  Assistant  Geologist.    (Out  of 

print.)  1904, 

Preliminary  Beport  on  the  Pilbara  Goldfleld :  by  A.  Glbb  MaitUnd,  Government 

Geologist.    (Out  of  print.)  i^or  reprint  see  Bulletin  XL.  1904. 

Mineral  Production  of  Western  Australia  up  to  1903  :  by  A.  Glbb  Maltland,  Govern- 
ment Geologist,  and  0.  F.  V.  Jaclcson,  Assistant  Geologist.    (Out  of  prinL) 

1904. 
Southern  Cross,  Yilgam  Goldfleld  ;  by  C.  G.  Gibson,  Assistant  Geologist.    [Price, 

Is.    See  Bulletin  XLIX.  1904. 

Mount  Morgans,  Mount  Margaret  Goldfleld  ;    and  Mulgabfaie,  North  Ooolgardle 

Goldfleld  :  by  C.  F.  V.  Jackson,  Assistant  Geologist.     {Out  of  print.)  1906. 

Minerals  of  Economic  Value  :  by  £.  S.  Simpson,  Mineralogist  and   Assayer.    (Out 

of  prinL)     See  Bulletin  LXX,  Chapter  it.  1906. 

Further  Beport  on  the  Pilbara  Goldfleld  :  by  A.  Glbb  Maltland,  Government  Geolo- 
gist.   (Ovi  of  prinL)     For  reprint  see  Bulletin  XL.  1906. 
The  Norseman  District,  Dundas  Goldfleld :  by  W.  D.  Oampbell,  Assistant  Geologist 

(Ota  of  pHnt.)  1900. 

Mensiea,  North  Ooolgardle  Goldfleld :  by  H.  P.  Woodward,  Assistant  Government 

Geologist.    {Qui  of  print.)  1906. 

Third  Beport  on  the  Pilbara  Goldfleld  :  by  A.  Glbb  Maitland,Govemment  Geologist. 

{Out  of  prinL)     For  reprint  see  Bulletin  XL.  1906. 

The  Laverton,  Burtviile,  and  Erllstoun  Auriferous  Beit,  Mt.  Margaret  Goldfleld :  by 

0.  G.  Gibson,  Assistant  Geologist.     Price,  2s.  1906. 

Artesian  Water  in  the  Klmberiey  District :  by  B.  Logan  Jack.     Price,  Ss.         1906. 
Miscellaneous  Beports,  I. — 1.  Artesian  Water  in  the  Northampton  and  Gerakllne 

Districts  ;  2.  Northward  Extension  of  the  Gascoyne  Artesian  Area  ;  3.      Phoe- 

phatlc  Deposits  near  Dandaram  ;    4.  Meteorite  from  the  Nulen   District ;    6. 

Occorrence  of  Oil  In  Princess  Boyal  Harbour  ;    6.  Greenoutrh  Biver  District  ; 

7.  Becent  Advances  In  the  Knowledge  of  the  Geology  of  Western  Aostralla 

8.  Prevention    of    External  Corrosion  of  Goldflelds', SVator   Supply  Pipes 
Price  2s.  1907. 

Paleontologlcal  Contributions  to  the  Geology*  of  Wcptem  Australia,  II :  by  B.. 
Etheridge,  ]un.,  F.  Chapman,  and  W.  Howchln.    {Out  of  print.)  19071 

Lawlers,  Sir  Samuel,  Dariot,  Mount  Ida,  and  part  of  Mount  Margaret  Goldfleld  ;  by 
C.  G.  Gibson,  Assistant  Geologist.     Price,  2s.  1907. 

Cue  and  Day  Dawn  Districts,  Murchlson  Goldfleld  ;  by  H.  P.  Woodward,  Assistant 
Government  Geologist.    In  two  parte.     Price,  3s.  1907. 

DtaMbntlon  and  Occurrence  of  the  Baser  Metals  in  Western  Australia  :  by  E.  8. 
Simpson  and  C.  G.  Gibson.     Price,  Is.  1907. 

Bonnlevale  and  Kunanalllng  Districts,  Ooolgardle  Goldfleld  and  Black  Bange  Dis- 
trict, East  Murchlson  Goldfleld  ;  by  0.  G.  Gibson,  Assistant  Geologist.     Price 

^  1908.' 

Greenbushes  Tlnfleld ;  Mount  Malcolm  Copper  Mine,  Eulaminna,  Mount  Margaret 

Goldfleld  ;  Fraser's  Gold  Mine,  Southern  Cross  ;  by  H.  P.  Woodward,  Assistant 

Government  Geologist.    Price,  2s.  1908. 

Gascoyne,  Ashborton,  and  West  Pilbara  Goldflelds  ;  by  A.  Glbb  Maltland,  Govern' 

ment  Geologist.    {Ou\  of  print.)  1909. 

Barramble,  ErroUs,  Gnm  Cnek,  and  Wiluna :  by  0.  G.  Gibson,  Ai^tetant  Geologist! 

(Out  of  print.)  190%^ 
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Gold  mod  Copper  Depodta  of  the  FhlUljM  RlT«r  Goldlleld :  by  U.  P.  Voodvud. 

Aaslstant  Government  Geologtet.    Price,  2s.  6d.  iMt. 

Pabponuilogical  ContribatioD  to  tbe  Geology  of  Western  Australift,  111. :  Price,  2>. 

Od.  1»!0. 

Geological  Report  on  Transcontinental  Railway  Rout« :  bv  C.  G.  Oibson,  Assastaot 

Geologist.     Price,  28.  lIM. 

The  In^in  River  Coalfield  :  by  W.  D.  Campbell  Assistant  Geoiodst.     Piloe,  2b.  <d. 

im 

The  Country  between  VViluna.  Hall's  Creek,  and  Tanami :  by  H.  \V.  It.  Taltct. 

Topographical  Surveyor.     Price,  2s.  IMI. 

The  Pilbara  Goldflrld  :  (Reprint  of  Bulletins,  16,  20,  and  23)  by  A.  Gibb  MaitlaBd. 

Government  Geologist.     Price,  2s.  6d.  IMI 

The  West  Pilbara  Goldfleld  :  by  U.  P.  Woodward,  Assistant  Government  Geolo«iii. 

(Outofrrint.)  1»11. 

The  Geologv  and  Ore  Deposits  of  Kalgoorlie.  Part  I.:  bv  B.  S.  Simpson  and  C.  G. 
Gibson.  Price,  2s.  6d.  1912. 

Petrologlcal    Contributions   to   the    Geology    of  Western  Australia,  1.:  by  R.  A. 
Farquharson,  Petrologist.     Price  28.  6d.  1912. 

The  South-West  Divi.«ioii  of  Western  Australia  :  by  £.  C.  Snint-Smith.  Kiekl  (if  h- 
elst.     Price.  29.  ftd.  1912. 

The  North  Coolgardie  and   East  Murchison  Goldfields  (Parts  of) :  by  H.  W.  B- 
Talbot.    Price,  2s.  6d.  1912. 

The  Yllgarn    and    North  Coolgardie  Goldfields  (Parts  of) :  by  H.  P.   Woodward. 

Assistant  Government  Oooiogist.     Price   2s.  6d.  19  IS. 

The  Kanowna  Main  Reef  Line,  North-East  (\x>lgardie  (Joldfield :  by  T.  Bktchford 

and  J.  T.  Jutson.     Price,  2s.  6d.  1912. 

Miscellaneous  Reports,  II. — (9)  Radium- Uranium  Oros  from  Wodgina  ;  (10)  Gosnc 
Deposits  at  Watlieroo  :  (11)  Preliminary  Notes  on  Mineral  Resourn'S  of  South 
ern  Cross  (12)  Mouazit^  at  Coogle^ont'  and  Moolyella  :  (13)  Country  at  Hra<is 
of  Ashb.iiton  and  (Jascovno  Rivers  :  (14)  Possibility  of  obtaining  Artesian  Wtf*=' 
at  Moo-:i  ;  (15)  Kelmscott  Clay  l)eiM»ii  ;  (16)  Coals  from  Collie  Fields.  «Mh 
Appendix  on  Spontaneous  Combu.otion  of  Coal  ;  (17)  Limestone  Deposit.*  at 
Pinjarra  ;  (18)  Two  new  Met4>orit(s  from  Western  Australia  ;  (19)  Gold  I>? 
covery  near  Coodingnow,  Yaleoo  Coldfieid  ;  (20)  Peculiar  Biotite  (Anonni* 
from  Ubini ;  (21)  Nemesis  Gold  Mine,  Tuckanarra,  Murchison  Goldiidd. 
(22)  Miscellaneous  Mineral  Notes  ;  (23)  Boring  on  Nnrmanby  T^ease  near  <  u^ 
Murchison  (loldfieid  ;  (24)  Boring  on  Dulie  of  lorlc  Lea.<«e  near  Cue,  MurchiS'r 
Goidfield  ;  (25)  Proposed  Boring  at  .Vnnnine,  Murctiison  Goldfleld  ;  (20)  lla"r. 
Iass  I>eases,  Southern  Cross,  \  llgaru  (Joldfleid  :  (27)  Diamond  Drilltaiff  r-t 
Vioiet  I^'ttse,  Goiden  Vulley,  Yilgarn  (;oldfleld  :  (28)  Kohinoor  South  Mtor* 
Stake  Well,  Murchison  Goldfleld  ;  (29)  Diamond  Drill  Boring  on  Vdnnirpr 
Flat,  Cue,  Murchison  Goldfleld  ;  (:i())  Geological  and  Physiographical  Notn 
on  the  Darling  Plateau  :  (31)  Rutile  at  Yulgering  ;  (32)  Mount  Jackson  Centre. 
Yilgarn  Goldfleld.     {ihii  oj  ynut.)  1911 

The  Geolo^'.v  and  Miue'ul   Kosoiirces  of  YiljfJirii  G«>Iiir.»»Kl.  Prtrt   L.  &>uthfrT 
CroHiM.  liy  E.  C'   Saint-Siiiitli  an  I  R.  A.  Farquliur-on.     lO"' "./  /iii.fi.        1913 

The  Geology  and  Mineral  Industry  of   Westorn   Australia  :  bv  A .  Gibb  Maithn  1 
and  A.  Montgomery.     Price,  2s.  6d.  1912. 

The  Geology  and  Ore  Deposits  of  Kalgoorlie.  Part    II.:  by  R.  A.  Fsrqaharsos 

and  F.  R.  Feldtmann.     Price,  >Js.  dd.  191S. 

The  Mincml  Resources  of  the  North- West  Division  :  by  T.  Blatchfoid,  Assistant 

GeologlHt.     Price,  2s.  6d.  I91S. 

Burbanks  and  Londonderry  Mining  Centres,  Coolgardie  Goldfleld !  by  T.  Blatrh- 

ford.    Assistant   Geologist.    Price,  2s.  6d.  1911 

The  Ora  Banda  District :  by  J.  T.  Jutson.  Field  Geologist.    Price.  Ss.  6d.       1911 

PalttM)utol(»i:icftl  ('ontribntionB  to  the  Geoloifj  of  W»"iteni  Austnilia.  TV.  ■.  >v>  B- 
Ethen.]|fo,  Juur.     Price.  28.  fkl.  1»1S. 

Country  between  Kalgoorlie  and  Coolgardie :  by  C.  S.  Honman.  Field  Geoiicir.. 
Price,  2s.  6d.  iWi 

The  Murchison  Goldfleld  (Part  of) :  by  K.  P.  Woodward.  Assistant  (3ovenuB« 
(3ook)glst.    Price,  2s.  Od.  1tl4. 

Piilffioutoloirioiil  riuitrihutioiiK  lo  the  Geology  of  We«<teni  Anstnilia,  V.  :  hy  R. 
Etherid^e,  Junr.     Pri<'e.  '2n.  (M.  l*!*- 

Miscellaneous  Reports,  III. — (33)  Boring  for  Coal,  Murchison  Rallwmv  line 
(34)  Kumalpi.  N.E.  Coolgardie  Goldfleld  :  (35)  Rare  Metals  and  their  dis- 
tribution in  W.A.  :  (36)  Ruby  Well  Centre,  Peak  Hill  Goldfleld  ;  (37)  Mikto 
hurra  (Holden's  Find),  Peak  Hill  Goldfleld :  (38)  Mt.  Eelth  District.  L 
Murchison  Goldfleld ;  (39)  Mt.  Magnet,  Lennonvllle.  and  Boogardie,  Uv- 
chlson  (Jold field  ;  (40)  Yuln,  Y'algoo  Goldfleld  ;  (41)  Woodllne  Rush.  K  E 
Coolgardie  Goldfleld  ;  (42)  Kapanga  Mine,  Greenbushes  Ttnfleld  :  (43)  Prtn- 
graphical  Notes  on  si)ecimens  from  Greenbushes ;  (44)  Golden  Ridge  OM  • 
T:.  Coolgardie  Goldfleld  :  (45)  lllgarere  Mineral  Leases  and  Humphry's  Coprf' 
Find  ;  (46)  Bremer  Range  Country.  Dundas  Goldfleld  :  (47)  W.A.  Meteorite* 
(48)'Kanowna  ;  (40)  Nsrra  Tarra'  Mines,  Victoria  District ;  (50)  King  Somx] 
Tin  Mine,  West  Klmberley  ;  (51)  On  some  Rocks  from  the  PhlUlpi  River.  Pric^- 
2b.  6d.  J2J- 

G«neral  Index  to  Reports.  1870-1910.     Price.  2s.  6d.  ^9n, 

Physiographical  Geok>gy  of  Western  AnatmUk  :  by  J.  T.  Jatnn,  FtoM  Geoim 
(thU  of  prM),  W*- 


BttUttlwi    eantinuid. 


T. 


xam.    Th«  OMlOfor  md  Mfailiig  at  Saaditoiie  tad  Bsaeocki.   E»ft  Mwehiion  Gold- 
fleU  :  by  B.  deO.  Clarke.  Field  Geoloolft.    Pxloe,  2i.  M.  Itl4. 

LZm.    TbeOeoloiryandHinerRi  Beeources  of  Yilgarn  Ooldfleld,   Part  II. -Gold  Belt 
Soath  of  Soathem  Cross :  by  T.  Blatchfbxd,  Assbtant  OeoloffiBt.    Price,  28.  6d. 

1W6. 
LXiv.  MiBcellaneous  BeiwrU.  IV.— (52)  Coal  Beeources  of  Weetem  Australin ;  (53) 
Mininfc  Geoloffv  of  YeriUa ;  (54)  Certain  Mining  Centres  at  the  South  of  the 
Talsroo  Ooldfleld  ;  (55)  Classiflcation  of  KaUroorlie  Bocks ;  (56)  On  Concentra- 
tion Tests  of  a  Tnnfniten-Molybdeniuu  Ore  from  Calhe  Soak,  Poona,  Hurchis^n 
Goldfleld  :  (57)  On  Chloritoid  and  its  Congeners  with  special  reference  to  the 
Chloritoid  at  Yam  pi  Sound ;  (58^  Geology  of  Western  Australia  ;  (59)  Mining 
Fields  of  Western  Australia;  (60)  Geological  Obfiervations  in  the  Mulline, 
Kiverina,  and  Flarr^ng  Centres,  North  (^Igardie  Goldfleld.    Price.  2s.  6d. 

1916. 

LXY.    Bepated  Petroliferous  Area  of  the  Wanen  Blver  District,  Soath-West  Division  : 

by  H.  P.  Woodward.  Assistant  Government  Geologist.    Price,  2b.  6d.  1916. 

LXTi.    The  Geology  of  the  Country  South  of  Kalgooriie,  incladlDg  the  Mining  Centres 

of  Golden  Bldge  and  FeysvUle ;  by  C.  S.  Honman,  Field  Geologist.       Price, 

2b.  6d.  1916. 

Lxyn.    Analyses  of  Western  Australian  Bocks,  Meteorites,  and  Natural  Waten :  by  E. 

S.  Simpson,  Mineralogist  and  Chemist.    Price,  28.  6d.  1916. 

Lxvm.    The    Geology   and    Ore   Deposit*   of   Meekatharra :   ly   E.  deC.  Clarke,   Field 

Geologist.    Price,  7s.  6d.  1917. 

I.XIX.     Contributions  to  the  Study  of  the  Geology  and  Ore  Deposits  of  Ealgoorlle, 

Part  III— The  North  end  of  Kalgoorlle  :  by  F.  B.  Feldtmann,  Field  Geok)glst. 

Price   5s.  1917. 

Lxxi.    The  G<^olog>'  and  Mtaieral  Besources  of  the  Yllgam  Goldfleld,  Part  III.— The* 

Districts  North  of  Southern  Cross  :  by  T.  Blatchford  and  C.  S.  Honman.   1917. 

Lxxn.     Palfcontologlcal  Contributions  to  the  Geok>g>'  of   Western  Australia,  VI. :  by 

F.  Chapman  1017. 

Lxxiii.     The  (Jeology  of  the  North  Coolgardle  Goldfleld,  Part  I.— The  YeiUla  District :  by 

C.  Sidney  Holman,  Field  CtCi^ogist. 
LXXiv.     Miscellaneous  Beports,  Series  V.,  No.  61-ti8.  1917. 

Lxxv.    A  (ieological  Booonnaliisance  in  the  country  between  Ijaverton  and  the  South 
Australian  Horder,  including  part-  of  the  Mt.  Margaret  Goldfleld.  1918. 

Lxxvi.     Graphite —Interim  Report  on  the  (Graphite  Deposits*   at  Munglinup,  Eucla  Divi- 
sion.    Price,  1*.  1918. 

In  the  Press.— hxx.    The    Western    Australian    Mining  Handbook  :    edited    by  A.  Glbb 
Maitland,  Government  Geologist. 

In  preparation  :^ 

The  Geology  tind  Miuerul  Besources  of  the  Maritime  DiHtricts  on  the  South.West 
Division  (Limes  Cements,  Clays,  etc.):  by  H.  P.  Woodward,  Assistant  Govern- 
ment Geoloifist. 
The  Bfinhig  Geology*  of  Niagara,  Kookynle,  and  Tampa,  North  Coolgardle  :  by  J.  T. 

Jutson,  Field  Geologist. 
The  Artesian  Water  Besources  of    Western    Australia :  by    A.    Glbb    Maitland, 
Go%'emment  Geologist. 
The  Magnesite  Deposits  of  We»tern  Australia,  by  F.  B.  Feldtmann. 
The  Mining  Geology  of  Comet  Vale  and  Goongarrie,  by  J.  T.  .Tutson. 
The  Mining  (Jeologv  of  the  Valgoo  Goldfleld,  by  A.  Gibb  Maitland,  Government  (Geolo- 
gist. 

IV.-MEMOIRS. 

In  pnpsKratUm  : — 

T.    The  Geology  and  Mineral  Besonrees  of  Western  Australia  :  by  A.  Glbb  Maitland. 


Detailed  Usts  to  be  had  on  application  at  the  Geologieal  Snrvey  Offlee, 

Perth,  Western  Australia. 
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HJ  father.  Covtnment  iMiogt^^,  Perth.  W.A 
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fiJHtktcCtv^f^ftMHiJditinpkte^ftk  WA. 


